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Abstract 
Rapid technological developments are taking place in computing and telecommunications. The evolving 
synergy between them, known as Telematics, provides a wide range of opportunities for the delivery of new 
advanced multimedia services. In this context, Information Networking plays a central role and 
Telecommunications Service Engineering emerges as an important new scientific discipline. 
This thesis examines important issues that underpin the service creation process for advanced telematic 
services. It proposes a telecommunications service engineering framework consisting of a service 
development methodology, a service creation environment and a service support environment that 
encompasses a service execution environment, the latter based on distributed object technology, and 
populates that framework. 
The starting point is the proposal of a complete methodologyfor the development of telematic services, 
that "covers" in a systematic and structured manner the entire service creation process. The methodology 
assumes a generic service environment based on the Telecommunications Information Networking 
Architecture (TINA), adopts an iterative and incremental use case driven approach, and uses the Unified 
Modelling Language (UML) and other results from object-oriented software engineering methodologies 
which it extends and applies to telematic services. Furthermore, the proposed methodology is validated and 
evaluated by applying it to the design and development of a complex representative telematic service i. e. a 
Multi-Media Conferencing Service for Education and Training (MMCS-ET). 
The thesis also examines the role of various Distributed Processing Environments (DPEs) - also known as 
middleware - in service execution and argues that Microsoft's Distributed Component Object Model 
(DCOM) is a valid choice as a service engineering DPE. Furthermore, it enhances DCOM with the 
capability of handling continuous media streams such as voice, audio and video, by designing and 
implementing a number of suitable multimedia support services, together with a related Application 
Programming Interface (API). The use of the enhanced DCOM as a TINA compliant DPE is validated by 
using it as a service execution environment for the MMCS-ET service. 
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Chaptdr 1: 
Introduction 
1.1. The Telecommunications Environment. 
The telecommunications industry is currently undergoing a fundamental restructuring as the evolving 
synergy between computing and telecommunications technology, termed Telematics, is gradually gaining 
momentum. This evolution and diversification is being driven mainly by liberalisation, increasing 
competition in the marketplace, technological advancements, and demands from all customer segments for an 
increasingly sophisticated portfolio of telecommunications services, tailored to specific needs (ARMB97] 
WLD93]. It is expected that the forthcoming integrated (fixed and mobile) broadband networks will be 
openly available to existing and new service providers, constituting a world-wide common shared 
communications platform for a multitude of new advanced telecommunications services (telematic services - 
see also Section 2.2. ) [ADA99d][AKIM97][MESS99]. The proliferation of these services will lead 
eventually to the transformation of the global information infrastructure to an open services market fuelled 
by deregulation, strategic partnerships, and joint interoperability activities [AUGU99] [EGAN96]. 
Until recently, however, the traditional telecommunications environment consisted almost exclusively of 
telecommunications monopolies, in which public telecommunications organisations acted as both network 
operators and service providers. The choice of the telecommunications services offered by these Public 
Network Operators (PNOs) was driven mostly by available technologies rather than by customer demand 
[CARP92]. This was due to the fact that the telecommunications infi-astructure was mostly based on vendor- 
specific network equipment with proprietary interfaces and limited capabilities. As each network platform 
provided a specific, functionally limited, set of services and because there was no common methodology for 
the introduction of new services across mulfiple network platforms, the development of new 
telecommunications services was a time consuming and very expensive activity. 
Despite. these conditions, the telecommunications world is currently experiencing dramatic changes. More 
specifically, the main directions of evolution that characterise the world-wide telecommunications 
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environment and are more likely to have a strong impact on it, can be surnmarised in the following 
(interrelated) trends: 
1) Rapid technological development. 
Progress in computing and telecommunications technology is proceeding at an. increasingly. f4st pace 
[CIPR98]. As these technology advances are rapid and sustained, they have a disruptive. impact on. the 
markets that they create and serve. Continuing exponentially increasing advances in microelectronics 
[ISAAOO], photonics [CHAT99][TODD93], mobile / wireless technology [MG98], and satellite 
communications [EVAN99][GOLD98] provide a cost-effective foundation and support the market drive 
towards the next generation of converged broadband telecommunications networks [DOWD98]. However, it 
will be the progress on telecommunications software [SARA96][VENIOO], new (service and network) 
architectures and related practices / algorithms [BERNOO][FLOO98], and Quality of Service (QoS) designs 
[RUTK99], that will transform these networks to the appropriate infrastructure of a variety of 
telecommunications services, making them useful and thus desirable. 
2) ConveMence of technologies and industries. 
Because of the expanding penetration of microelectronics and digitisation, the diversification and growing 
of information and communication needs, and the progress of the related technologies, telecommunications 
and computer science (or informatics or information technology) are no longer considered as two separate 
and distinct scientific fields or technologies. The term Telematics 1 refers to their convergence, their 
continuously increasing integration, and to the new opportunities that emerge in that way. 
Telernatics creates also the necessary incentives and forces for more and more industries (e. g. broadcast, 
publishing, and video game industries) to try to join the same technological environment and create new 
industries, as well as new markets and services / products that will contribute to better life quality 
[RALP961. It is evident that no enterprise / organisation will be able to exploit by itself the potential 
presented by the technological convergence. Iberefore, achieving synergies among the different involved 
domains will become a necessity [GRAA96][HILL98]. For example, PNOs will have to define strategic 
alliances (by forming consortia, by acquisition, etc. ) with other "partners", such as software providers, 
publishers, equipment vendors, entertainment and information providers [GREE94]. Information will be the 
essence of this convergence trend [HELD941- 
3) Globalisation ofeconomy and markets. 
A main trend affecting telecommunications policies is the increased integration of the world economy with 
the globalisation of major companies, without reference to national boundaries, in order to minimise costs 
The term Telematics was created and first presented in 1978 by Simon Nora and Aflan Mine as a synthesis of the 
words Telecommunications and Informatics [NORA78]. Many scientists consider the term Teleiformatics as a 
synonym of the term Telematics. Instead of these terms, in USA is in frequent use the term Computer 
Communications [HELD94]. 
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and risks caused by economic, financial, and political modifications [CLEE96]. The merging of information 
technology and telecommunications provides a strategic infi-astructure with tremendous capabilities for 
managing such global businesses. 
In this environment, information becomes a commodity and the telecommunications business acquires 
gradually a global character. This is mainly due to the nature of its services (international traffic and 
services to multinational customers) and the wider internationalisation processes (acquisition of privatised 
public operators, procurement of new licenses in other countries, and strategic alliances) [HILL98]. 
4) Radical changes in the regulatoa environment. 
A shift is taking place from the traditional regulation approach, that was characterised by the 
monopolistic provision of telephony, to a new one concerning supply and demand relationships of 
telecommunications services [VENIOO]. The main trend in the regulatory environment will be the high degree 
of liberalisation and privatisation of telecommunications markets, which is driven by the concepts of open 
network architecture in North America and Open Network Provision (ONP) in Europe. These two tendencies 
will be key factors for a nations progress and integration into the emerging global economy, as the existing 
monopolies will disappear and new "players" will enter the scene, pushing for an open market of 
telecommunications services. 
Regulation is expected to evolve, according to market conditions, network development, social and 
economic situations, incorporating more and more concerns of public interest, becoming as technology 
independent as possible, and moving away from mandatory harmonisation [EURE95]. 
5) Increased competition. 
A main effect of liberalisation and privatisation is that telecommunications services and networks are 
opened to full international competition. In this way, services become less dependent on networks, which are 
made seamless by transparent agreements among competitors. The telecommunications market now involves 
multiple, competing and cooperating providers of telecommunications services that can substitute or 
supplement each other, as services from one provider can be used by other providers as components of their 
own services, forming in that way value chains of services [ADA98c]. 
Competition is expected to become the best market mechanism to maximise user satisfaction by providing 
an increased choice of services, with better quality, lower prices, and continuous innovation [EGAN96]. 
However, it has to be noted that (more) competition does not mean necessarily less regulation [NIHO98]. 
New kinds of regulatory areas will appear regarding the management of competition conflicts with other 
policy objectives, the privacy and security of information, intellectual property rights, etc. 
Furthermore, questions as to how more effective competition can be introduced, how quickly, and through 
what mechanisms, so as to stimulate innovation without jeopardising the financial viability of incumbent 
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telecommunications operators are being tackled increasingly frequently by policy makers. Although it is 
generally acknowledged that competition in the supply of the services and networks can provide a stimulus 
to innovation and efficiency, the timing of the relaxation of entry restrictions is the subject of a vigorous 
debate [MANS94]. 
gZanding standardisation activities. 6) Ex 
To effectively answer the technological challenges of the emerging telecommunications environment and 
to provide both fair competition and regulated liberalisation, standardisation is necessary. The essential 
objectives of standardisation relate to interconnectivity and interoperability. Joint activities have to address 
suitable reference architectures, functional models, well-conceived building blocks, open interfaces and 
protocols, and appropriate migration scenarios, without restricting the needs and creativity of the different 
parties / countries involved [ARMB97]. Balance is also required between innovation and coordination taking 
into consideration the dynamic developments in regulation, markets and technologies, and realising the 
economic significance of standards [DAV196]. Finally, the standards-making process is in need of a strong 
alignment between the technical aspects and the market and commercial considerations [WRIG95]. 
7) Proliferation and gorowing importance of the Internet. 
The dramatic expansion of the Internet and its corporate incarnations (Intranets, Extranets), togetherwith 
the popularity of the World Wide Web, are important developments that should not be underestimated- 
Graphical user interfaces provided by Web browsers give the user a convenient, visual, easily manipulated 
interface to the vast repository of (any type of) information available at Internet sites throughout the worldL 
The Web has therefore become the first world-wide multimedia communication system. Albeit (relatively) 
slow and sometimes unreliable, the Internet is able to support voice telephony, electronic commerce 
activities, and multimedia telematic services, such as videoconferencing. For fast responses and a much 
higher reliability level several solutions are emerging, like the 1Png (IP next generation), the Integrated 
Services Internet (ISI), TCP/IP over ATTvt and cable-based Internet systems [CLAR96][RUTK99]. 
As the Internet paradigm prevails, telecommunications operators face an urgent need to re-assess their 
strategy with regard to it [BOUC98]. More specifically, they should make balanced, creative, and concerted 
efforts to devise methods and technologies in order to exploit the Internet and generate additional revenues 
through the provision of new services, thereby alleviating the (possible) revenue fall through service 
substitution [EURE97]. In any case, the state of the Internet and its evolution is a crucial matter for the 
future, whether it is going to be considered as the universal paradigm for the truly global information 
infrastructure, or as something destined to evolve naturally from its present state to be one of the elements of 
the overall telecommunications scenario [AKIM97][HUBA99]. 
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A direct result of the above mentioned trends is the dramatic increase in the number, variety, and 
sophistication of telecommunications services that telecommunication companies offer in an attempt to 
satisfy the high and continuously expanding customer demand 2 for powerful communication and 
information capabilities [ADA99d][CIPR98][HELD93][MESS93][RUDG94][RUSS98]. The timely 
availability of these new telecommunications services corresponding to the needs of the market is an 
important, condition for gaining a competitive advantage and for the exploitation of the huge 
telecommunication potential that will be offered by the broadband network infrastructure that is currently 
under development [MCK198]. Therefore, telecommunications services have a characteristic and dominant 
role in the emerging telecommunications environment; a role that fully justifies the fact that they constitute 
the semantic "core" of the research work presented in this thesis. 
In this context information networking is gradually gaining momentum, formulating an open market of 
new telecommunications services where the vision is "information any time, at any place, in any form" 
[GREE96][MAGE95][MARS95]. Within this electronic marketý which is an important precondition for the 
emerging information society, information resources are available to everybody, without any practical 
restrictions, because in an all-digital environmentý "there is no difference between bits which represent text, 
audio or video, since bits are bits" [NEGR95]. 
The innovative developments that are taking place in today's diversified telecommunications world are 
simultaneously driven by progress in network / system architectures and software (technology push), and by 
the need for more universal and personal communication and information capabilities independent of 
location and time (market pull) [ARMB97][CHAP95]. It is thus evident, that in order to pave the way to the 
information society, it is necessary to define and develop a telecommunications service infrastructure (an 
information network), above the bearer network infi-astructure, which will control and manage the 
distribution of information, in its various media manifestations, between geographically distributed user 
entities satisfying their needs in the best possible way [ADA98d][MARS95]. 
In such an attempt software has a central role. The traditional method of telecommunications service 
development and provision is not possible to meet the increasing demands of a competitive, highly dynamic 
telecommunications services market. Such a market requires an increased "intelligence" of 
telecommunication networks, provided by software whose importance is constantly rising [SARA96] 
[UNN96]. Based on the principles of distributed computing systems, an information network is realised as 
a distributed processing system in which the telecommunications services can be regarded as distributed 
software applications [ADA00a]. In this way the network becomes a programmahle entity, made out of 
2 The customer has an increasingly more demanding role in telecommunications. Customers are no longer driven by 
a vailable service offerings but have an active role, asking for new, sophisticated, and personalised 
telecommunications services to solve their specific needs [AUGU99]. 
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service components and open generic Application Programming Interfaces (APIs), which is able to support 
network-transparent service provision [BERNOO]. 
It is conceivable that the variety of existing and evolving networks will partially converge to establish full- 
service and application-ready networks. A common ATM core network could interlink the diverse access 
networks (including cordless and cellular mobile radio), ISDN, Broadband ISDN, Internet / Intranet and 
other data / corporate networks, as well as cable TV systems [ARMB97][POLE98][RAYC94]. This would 
be an important step towards the information infrastructures of tomorrow (e. g. information superhighway. 
the European and Global Information Infrastructure, EII-GII) that will enable people and systems to 
communicate securely with each other, any time, and anywhere with acceptable quality and at reasonable 
costs [EURE96][RALP96]. 
However, for the transfer towards the information society, many political and legal problems have still to 
be solved both on a national and international basis, in addition to technical and economical aspects 
[CLAR96][HELD94]. These problems relate to setting up an appropriate and stable regulation- for 
competition, providing faster progress, greater choice, higher performance, and lower costs and to institute a 
suitable legislation for the content. The process of facing these issues requires common vision, 
harmonisation, joint action, and above all a careful balance between cooperation and competition. 
1.2. The Emergence of Telecommunications Service Engineering. 
Existing telecommunications systems are gradually converging into a ubiquitous information infrastructure 
inside an open deregulated multi-provider telecommunications market place. Additionally, the demand for 
(and the importance of) telecommunications services is increasing and will increase rapidly in the years to 
come. Based on these assumptions, which are fully justified by the analysis taken place in Section I. I., it is 
evident that in order to derive a viable paradigm for the broadband information highway of the future, 
telecommunications service engineering (or simply service engineering) should emerge as a separate 
scientific discipline of strategic importance. 
Service engineering can be deffied as the discipline addressing the technologies and engineering processes 
required to define, design, implement test, verify, validate, deploy, maintain, and manage telematic services 
that meet user needs in the current or future networks [BAlL95]rMG95][ZNAT97]. Sometimes, the tenn 
integrated service engineering is used to emphasise the importance of considering different levels of 
functionality when examining telematic services. The attribute "integrated" makes reference to the need for 
information, management, service, component, and interface integration (integration aspects), required to 
support effectively the development of new telecommunications services [RACE95]. 
The concepts, principles and rules of service engineering have been initially borrowed from software 
engineering, although there is a clear distinction between the two disciplines [AIRC94]. However, in order to 
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handle the large size of possible services, their open-endedness and the variety of systems that will have to 
interwork, service engineering gradually incorporated a vast number of concepts already defined and 
developed in the fields of both information technology and telecommunications. Its main objective is to 
ensure the introduction of new and enhanced services and their management, in a fast and efficient manner. 
Therefore, service engineering covers the following domains: 
* Service creation, where the service is considered as a distributed application running on the multiple nodes 
of a telecommunications network- 
Service management, which is concerned (mainly) with ensuring that services are provided to customers 
efficiently, and the service requirements agreed between the customer and the provider are satisfied. 
* Netwoik management, which concerns the management of network resources used to provide 
telecommunications services. 
Telecommunications service engineering is an important research area at the boundaries of software 
engineering and telecommunications, relying heavily on open distributed processing and the object-oriented 
paradigm [ADA98b][CAMP94][CUSA93]. It ambitiously promises to significantly facilitate the offering of 
a wide variety of highly sophisticated and personalised services over the widest possible coverage area. In 
the light of these challenges, the research work presented in this thesis can be considered as a contribution to 
the scientific area of telecommunications service engineering. 
1.3. Thesis Motivation. 
Because of the recent diversification of the telecommunications environment, which was described and 
examined in Section I. I., the importance of telecommunications service engineering, as a discipline with 
profound pmctical implications, continuously increases. Therefore, service engineering activities, in order to 
retain their usefulness and fulfil the emerging increased expectations regarding their value and impact, have 
to transform and adapt to the new conditions that shape the telecommunications world of the 21' century. 
The corresponding evolution process is characterised by a number of requirements that service 
engineering activities should satisfy in the new era. The incentive for considering most of these requirements 
has its origin in the experience gained by the application attempts of recent developments of the 
telecommunications and computing technology in real situations [PAPA96][PAPA97][PAP98a][PAP98b] 
[PAP98c][PAPA99] and in the influence of recent research in service engineering [BERNOO][CHAP95] 
[MAGE97][MARS95][RACE95][TRIG95]. More specifically, service engineering activities should support: 
The efficient and effective development of telecommunications services by guiding successfully service 
developers during the entire service creation process, i. e. from the elicitation and analysis of the service 
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requirements up to the actual implementation of the telecommunication service under examination. 
(Requirement 1) 
The successful application in a telecommunications context (through the appropriate adaptation wheri 
necessary) of carefully selected concepts, models, techniques and practices that are proposed, developed, 
tested and (extensively) applied by a variety of computer science disciplines, ranging from software 
engineering to infor! nation systems development. (Requirement 2) 
* The reduction of complexity and the increase of efficiency during the design and implementation of' 
telecommunications services by hiding from the service developers commonly encountered implementation 
details regarding (mainly) the heterogeneity and the distributed nature of the necessary underlymg 
computing and network infrastructure. . (Requirement 3) 
The efficient automation of the service creation process, without semantic loss, with the use of appr- 
opriate, carefully designed and tested, customisable, and user-fiiendly software tools. (Requirement 4) 
e The development of a rich variety of telecommunications services, including conventional telephony and 
data transmission services, as well as advanced multimedia services with enhanced content, which can 
efficiently support a variety of communication, information, education, entertainment, and cooperation 
needs. The introduction of new types of services should also be possible. (Requirement 5) 
The examination and exploitation of new and / or emerging communication concepts, such as Internet- 
based and agent-based services, terminal mobility, personal mobility, service mobility, application transfer, 
ubiquitous connectivity, single session abstraction, and application adaptation [ADA99d]. (Requirement 6) 
* The representation, processing, management, and transmission (possibly in an integrated manner) of all 
the basic information types, which include data, text, vector, graphics, still images (bitmap), video signals 
(moving pictures or motion video), and audio signals (voice and sound). (Requirement 7) 
" Precise service semantics, because in a telecommunications market where several service providers offer a 
great variety of services, it is important for reasons of service interoperability and for maximising 
customer satisfaction to specify services in a clear and unambiguous way by using concepts that ilieir 
semantic content can be accurately defined. (Requirement 8) 
" Reusability at different abstraction levels (e. g. reusable service requirements, service specifications, 
service components), with the intention to promote rapid service design and deployment. (Requirement 9) 
" The management ofservices in a flexible manner by facilitating the integration of control and management 
aspects of services. (Requirement 10) 
" Yhe interoperability ofservices in a multi-provider (open) telecommunications environment (with multiple 
domains of management and ownership of services) by facilitating and promoting service composition and 
service federation. (Requirement 11) 
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9 The accommodation of relevant standards in the cases that the adherence to them is considered to be 
important and necessary. (Requirement 12) 
The efflicient and accurate handling of service interactions in multi-service networks, so that the 
(intended) functionality of a service is preserved by protecting it against accidental and intentional 
interference. (Requirement 13) 
Openness to all types ofpotential end-users of a service considering all the possibly interested people 
(e. g. mobile users, residential users, professional users, etc. ). Therefore, user-fiiendly services tailored to 
individual tastes, preferences and needs, and designed according to sound usability practices should always 
be the norrn. (Requirement 14) 
0 Openness to change ofservice software and hardware (computer and network infrastructure), because as 
technology advances, or as prices change, or as purchasing policies and needs dictate, different hardware 
should be able to be used without requiring new investment in the accompanying software, and vice versa. 
(Requirement 15) 
9 The accommodation of legacy telecommunications services and systems as they represent significant 
investments that should be protected. In most cases, interworking with them (even if it is only for a 
transition period) is essential. (Requirement 16) 
The necessity for the fulfilment of the above mentioned requirements, and therefore the requirements 
themselves which should be fulfilled by the variety of service engineering activities that take place in the 
reshaped telecommunications market at a constantly increasing rate constitute the motivation of the work 
presented in this thesis. 
The importance of this motivation is increased when considering that some of the above mentioned 
requirements are used to shape the "vision" and the strategic business orientation of telecommunications and 
Information Technology (IT) related organisations and corporations world-wide [BELL94][EURE95]. 
Furthermore, part of these requirements are mentioned (directly or indirectly) in the Bangemann report 
BANG94] as important factors affecting the realisation of the future forthcoming information society and 
their scientific in-depth examination is clearly promoted by related European Union (EU) research activities 
[TRIG45][VENIOO]. 
1.4. Thesis Objectives. 
In an attempt to revitalise telecommunications service engineering and prepare it for the crucial role that is 
anticipated to have in the new emerging telecommunications environment, the telecommunications service 
engineering framework of Figure LL is proposed. In this thesis, it is argued that the adoption of the 
proposed framework of Figure LL will enable (the various) service engineering activities to satisfy all the 
9 
Chapter 1: Introduction 
requirements identified and presented in Section 1.3. (not just a subset of them), fulfilling at the same tilinrle 
the corresponding expectations that were the motivation of this research work. 
Figure I. I.: The proposed telecommunications service engineering framework. 
As can be seen from Figure 1.1. the proposed framework is placed inside an "organisational context" jr, 
order to signify that service engineering activities are normally performed by service developers or service 
designers ' (called sometimes collectively service engineers) working for various organisations or enterprises 
(e. g. service providers, PTTs, outsourcing companies, etc., or specialised departments of largeIr 
corporations). Therefore, the proposed framework is influenced (see also Section 5.4. ) by their knowledge, 
their problem solving attitude and their experience, and also by the more general telecommunications and I-r 
strategic orientation of the organisation / enterprise that they work for. 
The main constituent parts of the proposed telecommunications service engineering framework, which are 
depicted in Figure 1.1., are: 
*A service development methodology: It is a methodology that guides service developers in a systematic 
and structured way during the entire process of service creation. 
A Service Creation Environment (SCE): It is actually a collection of software tools (together with a reuse 
infrastructure) that are used according to the service development methodology with the aim to assist the 
service developer(s) when applying the service development methodology by automating and simplifying 
as much as possible the service creation process, and by facilitating consistency and verification checks 4. 
3 In some cases, limited service enginceiing activities (usually related to the customisation of services) are performed 
by the end-users of a service. Then, the proposed framework is influenced by the knowledge, the problem solving 
attitude, and the experience of the specific end-users. 
The SCE is in close cooperation with the service development methodology and therefore its software tools are 
considered to be used in an "integrated" way; hence the use of the word "environment" in the term SCE. 
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A Service Support Environment., It is an environment aiming to facilitate, both the development of 
telematic services (in cooperation with the service development methodology and the SCE), and their 
execution under real conditions. It consists mainly of. - 
-Service engineering principles: These are concepts, guidelines, practices, and (in general) mental 
constructs that are applicable to service engineering activities. 
-A Service execution environment., It encompasses the necessary computing and network infrastructure 
and the appropriate ancillary software (e. g. operating systems, database management systems, etc. ), 
which is needed for and during the execution of a telematic service. However, its most important part is 
the Distributed Processing Environment (DPE) which abstracts over all the other parts and reduces 
greatly the effort needed for the implementation of a telematic service. 
From this brief presentation it is evident that the proposed firaniework is still an abstract entity that is in 
need of further examination and specification. The aim of this thesis is to consider the proposed framework 
as a conceptual "umbrella" for service engineering activities and gradually transform it to a more precise and 
concrete construct (see also Chapter 7) by examining its constituent parts and reasoning about the way that 
they support the requirements identified in Section 1.3. It has to be noted, that without affecting 
completeness, two of the constituent parts of the proposed fi-amework receive special attention and are 
examined in detail as they present increased research interest and practical value. Therefore, these 
constituent parts and their in depth critical study form the main objectives (which reflect the main research 
contribution and correspond to the main deliverables) of the research work that is presented in this thesis. 
More specifically, the main objectives of the thesis, expressed in a concise way, are the following: 
To propose and present a methodology, that was conceived and constructed for the development of new 
telecommunications services, and "covers" in a systematic and structured manner the entire service 
creation process through a requirements capture and analysis phase, a service analysis phase, a service 
design phase, a service implementation phase, and a service validation and testing phase. This 
methodology recognises the inefficiency of current general-purpose software engineering methodologies to 
address successfully service engineering matters and proposes a novel service creation process based on 
fundamental object-oriented analysis and design concepts and on important results of the 
Telecommunications Information Networking Architecture Consortium (TINA-C). The novel character of 
th& Proposed methodology is reinforced by the adoption of an incremental and iterative use case driven 
approach, by the careful incorporation of the Unified Modelling Language (UML) notation throughout the 
service creation process, by the exploitation of design patterns, and by the promotion of reusability (see 
also Chapters 4 and 5). 
To validate and evaluate the proposed methodology, and provide a comprehensive example of its use by 
applying it to the development (from requirements elicitation up to actual implementation) of a complex 
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representative telematic service (a MultiMedia Conferencing Service for Education and Training, MMCS- 
ET). This validation attempt, together with a number of smaller validation attempts (in. terms of 
complexity, not in terms of scope) focusing on a number of simpler telematic services aim to provide 
tangible evidence about the correctness, the efficiency, and the true practical value of the proposed 
methodology (see also Chapter 5). 
To enhance Microsoft's Distributed Component Object Model (DCOM), which is the distributed object 
platform proposed and promoted by Microsoft, with the capability of handling continuous media 
interactions like those commonly required by new multimedia telecommunications services (as the MMCS- 
ET). In this way, DCOM becomes a strong candidate for a TINA-C compliant DPE and suitable for use in 
cooperation with the proposed service development methodology. Therefore, after designing, 
implementing, and evaluating a number of multimedia support services, which offer to DCOM the desired 
functionality, DCOM is used for the implementation of the MMCS-ET, during the validation of the 
proposed methodology, in full agreement with its intended role by the proposed telecommunications service 
engineering framework of Figure LL (see also Chapter 6). 
Beside the above main objectives, which have a central role in the thesis, other (secondary) objectives of 
the thesis are the following: 
" To define important terms / concepts in the area of service engineering. 
" To justify the use of object orientation in the design of telematic services. 
1, To consider important general purpose object-oriented software development methodologies for the 
development of telematic services. 
" To compare important architectural frameworks for telematic services. 
" To examine the future perspectives of TINA-C. 
" To examine the structure, the role, and the purpose of a SCE. 
" To evaluate the most important DPEs from the perspective of telecommunications service engineering and 
comment on their future evolution. 
To identify the main benefits of using distributed ob ect platforms to design and implement telematic 
services. 
To propose a decision framework that facilitates service developers to select between Microsoft's DCOM 
and Object Management Group's (OMG's) Common Object Request Broker Architecture (CORBA). 
To examine the performance of DCOM and CORBA. 
To examine the ability of DCOM and CORBA to interwork with the V; W and the Internet. 
To compare DCOM and CORBA in the area of telecommunications service engineering. 
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" To specify the functionality of a multimedia conferencing service suitable for education and training 
purposes. 
" To describe several simple service scenarios that can be used for validation purposes. 
" To exploit the concept of design patterns in the service engineering area. 
The approach that is followed for the realisation of the objectives of this research work is briefly outlined 
in Section 1.5. It is based on the recognition that service engineering activities should be examined and 
performed at different abstraction levels, the latter being the result of a critical filtering process that ignores 
characteristics that are not relevant from some point of view, with the minimum possible semantic loss 5. 
Therefore, the overall research contribution of this thesis has an architectural and systems engineering 6 
nature,, and focuses mostly on methodological, specification and modelling matters, with the validation done 
through software imp! ementation. It is thus evident that this is not a "performance examination" type of 
thesis, although a performance analysis is taking place in certain parts of the thesis (see Section 3.4.3. and 
Section 6.4. ) for comparison and evaluation reasons. Finally, it has to be noted that all the research work 
included in this thesis was undertaken by the author alone (any influences are stated clearly and suitable 
references are used) and not in the context of collaborative research projects. 
1.5. Thesis Structure and Overview. 
This chapter was the introduction to the thesis and revealed the scope, the motivation, the objectives, and the 
importance of the research work that was undertaken. The remainder of this thesis is organised as follows. 
Chapter 2 considers advanced approaches in telecommunications service engineering. After discussing 
important issues associated with the object-oriented development of telematic services, it presents key 
technologies in emerging multi-service networks, and describes the two most important architectural 
frameworks for telematic services, reasoning about their role. It concludes by examining the structure and 
purpose of SCEs. 
Chapter 3 provides a thorough analysis of the role of distributed computing platforms in Telematics. it 
examines the most important DPEs from the perspective of telecommunications service engineering, it 
discusses the benefits that distributed object technology offers to telematic services, and it compares DCOM 
and CORBA with the intention to assist service developers in a possible selection process between them. 
This necessity becomes (especially) evident during the presentation of the proposed service development method- 
ology in Chapter 4. 
6 System engineering is the effective application of scientific and engineering efforts (in an integrated manner) in 
order to transform an operational need into a defined system configuration through the top-down iterative process 
of requirements analysis, functional analysis and allocation, synthesis, design optimisation, test, evaluation, and 
validation [BLAN981. 
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Chapter 4 presents and examines in detail all the phases of the proposed service development 
methodology, focusing on their desired functionality and on the role and purpose of essential service models 
and artifacts. It also explains the necessity for such a methodology and highlights its novel characteristics 
and its benefits. 
Chapter 5 validates the proposed methodology by applying it to the development of a complex 
representative telematic service and to several simple service scenarios. It also extends the methodology by 
examining the exploitation of design patterns in the service engineering area, and evaluates it according tc), 
the Normative Information Model-based Systems Analysis and Design (NIMSAD) framework. 
Chapter 6 enhances DCOM with the capability to handle continuous media interactions by designing and 
implementing a set of multimedia support services together with a related Application Programming 
Interface (API). It also presents a stream communication algorithm, considers important related 
implementation issues, validates the proposed modelling approacI4 discusses the experimentation with it, and 
compares it with the OMG's Audio / Video streams specification. 
Chapter 7, summarises the results of the research work described in this thesis, identifies the original 
research contributions, outlines possible directions for finther research, and contains a number of important 
concluding remarks. 
It is evident that Chapters 4,5, and 6 are related to the main objectives of the thesis and therefore 
constitute the most important part of it and the main research contributions, while Chapters 2 and 3 are 
related to the secondary objectives of the thesis. For reasons of semantic completeness and in order to 
preserve a clear and cohesive structure, state of the art work is presented throughout this thesis, in easily 
identifiable places, before the presentation of the research work 7 regarding a particular matter. Finally, it 
has to be noted that the last section of each chapter includes references to the publications of the author that 
contain related material. 
7 Throughout this thesis, research work undertaken by the author is indicated by using third person and / or passive 
voice (e. g. it is proposed, it was found, ..., etc., meaning, 
I propose, I found, ..., etc. 
). 
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Advanced Approaches in 
'Telecommunications Service Engineering 
2.1. Introduction. 
The telecommunications industry is characterised by rapid technological deveIopmentý market growih, and 
Oereplationýand is heading towards a fully liberalised global market, where regulatory changes are breaking 
down the traditional barriers between public and private domains (see also Section I. I. ). The result of this 
liberalisation is a fragmented market with a multiplicity of competing and / or cooperating providers of 
telecommunications services, as services from one provider are used by other providers as components in 
their services forming "value chains" of services. Increasing customer needs press for the creation, 
operation, and management of many types of services, ranging from simple telephony services to new 
advanced multimedia telecommunications services, motivating in that way the further evolution of 
telecommunications service engineering. 
This evolution path is shaped and directed by several concepts and technologies, which promise to 
revolutionise service engineering activities, increasing their efficiency and value. For this reason, and 
because the research work presented in this thesis aims also at the enhancement of service engineering 
activities by'enabling them to fulfil a number of requirements (see Section 1.3. ), this chapter examines 
advanced approaches in telecommunications service engineering in an environment open to competition and 
open to changes in market and technology. In this way, the rationale for proposing the telecommunications 
service engineering framework of Figure 1.1. is revealed and explained, and the necessary conceptual 
background and terminology for reasoning about its structure is introduced. 
As was mentioned in Section 1.2., the discipline of telecommunications service engineering embraces the 
development of telematic services. Therefore, this chapter, after this introductory section (Section 2.1. ), 
presents an attempt to define the term / concept "telematic service" and a set of related expressions in 
Section 2.2., with the intention to rrsolve the corresponding terminology confusion and enable the accurate 
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and unambiguous interpretation and comprehension of the research contribution of this thesis, which is 
inextricably intertwined with the notion of service in telecommunications. 
After these necessary clarifications, Section 2.3. focuses on the development of telematic services in the 
light of the expanding penetration of the object-orientedparadigm in telecommunications. More specifically, 
after a brief introduction to important object-oriented concepts in Section 2.3.1., the main requirements 
associated with service design are identified and ways that object orientation can support them are examined 
in Section 2.3.2. Finally, Section 2.3.3. proposes the application of object-orientation on the complete life 
cycle of telernatic services and considers for this purpose a set of carefully selected general purpose object- 
oriented software development methodologies. However, Section 2.3. is not only a place for state of the art 
descriptions, as it justifies the use of object orientation for the design of telematic services and highlights the 
inefficiency and inadequacy of current general purpose object-oriented methodologies for service 
development purposes, supporting in that manner the decision to propose a specialised object-oriented 
service creation methodology (see also Section 4.2. ), which is one of the main objectives of this thesis. 
Section 2.4. extends the discussion about the development of telematic services and comments on the 
evolution of telecommunications software, as a result of the application of object-oriented technology and the 
emergence of Multi-Service Networks (MSNs). In this context, Sections 2.4.1. and 2A. 2.. present state of the 
art descriptions of the technologies of Intelligent Network (IN) and Telecommunication Management 
Network (TMN) respectively, and Section 2.4.3. considers their possible integration. In general, Section 2.4. 
reveals the main initial semantic underpinning of the research work presented in this thesis and points out the 
necessity for a new architecture beyond IN and TMN. 
More specifically, Section 2.5. considers the Open Services Architectural (OSA) framework developed 
within the RACE project CASSIOPEIA and the framework defined by the Telecommunications Information 
Networking Architecture Consortium (FINA-C), as the two most important architectural fi-ameworks for the 
unified provision of(new) communications and management services, using object-oriented software modelling 
techniques, within a common DPE. Sections 2.5.1. and 2.5.2. provide a state of the art overview of the basic 
OSA and TINA-C concepts respectively, with particular emphasis on their service architecture, while Section 
2.5.3. compares and contrasts the two frameworks with the intention to offer a better understanding regarding 
their capabilities and their limitations. Finally, in Section 2.5.4. one of these architectural frameworks is 
selected to be the service support environment of the proposed telecommunications service engineering 
framework of Figure LL The reasoning behind this decision is presented, together with an explanation of 
how Requirements 2,3,5,6,8,9,10,11,12,13,14,15, and 16 (see Section 1.3. ) are satisfied and a 
discussion about the practical value and the future perspectives of the chosen architectural framework. 
Recognising the difficulty of applying architectural frameworks like OSA and TINA-C for the 
development of telecommunications services, -Section 2.6., focuses on Service Creation Environments 
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(SCEs), attempting to define them and identify their main characteristics. In order to reason about the role 
and purpose of the SCE in the proposed telecommunications service engineering framework of Figure I. I., 
this section examines important related approaches in a critical manner, highlights the relation of the SCE 
with the service development methodology, and explains under which circumstances the SCE is able to 
satisfy Requirement 4 (see Section 1.3. ). 
Finally, this chapter ends with Section 2.7., which summarises the main findings of this chapter, 
highlights the research contributions in it, and paves the smooth transition to Chapter 3. 
2.2. Defining Telematic Services. 
With the advent of new technologies and recent changes in regulations, telecommunications services have 
grown chaotically. Because of these conditions, the terms "service" and "telecommunications service" have 
received many definitions in the service engineering literature and are commonly used in multiple senses. 
. 
Therefore, in the area of communication protocols, a service usually designates the set of primitives that a 
given protocol layer provides to the upper protocol layer. In [RACE92] (RACE project ROSA, see Section 
2.5.3. ), a telecommunications service is defmed from an ODP enterprise viewpoint as "... a meaningful set 
of capabilities provided by an existing or intended network to all who utilise it, like customers, end users, 
network providers and service providers; each one sees a different perspective of the service". [RAC92b) 
(RACE project CASSIOPEIA, see Section 2.5.1. ) defines a service recursively as "... a set of service 
capabilities or a set of servicee, considering a service capability as "... the ability of a system to cause, in 
order to satisfy a need of a using context, a predefmed effect on substance". Finally, a TINA-C service (see 
also Section 2.5.2. ) "... is a meaningfiil set of capabilities provided by an existing or intended system to all 
business roles that utilise it; each business role sees a different perspective of the service" [TIN97a]. 
Taking into account these definition attempts, which are among the most important, in this thesis a service 
is considered to be a (packaged) set of capabilities, for which billing can be arranged, offered to a customer / 
user by a service provider with the use of telecommunication networks. More specifically, a telematic service 
is a geographically distributed entity (actually an encapsulation of a number of cooperating entities distributed 
over a geographical environment) providing a number of people (users, subscribers) a predefined, carefully 
selected, set of capabilities / facilities regarding the integrated coverage of a (possibly) wide range of informa- 
tion and communication needs, utilising the resources of (existing and future) telecommunication networks. 
It has to be noted that the term "telecommunications service" emphasises the network requirements of a 
service and the network resources that are necessary for its provision, and therefore it is usually used by 
network providers and those with a similar perspective. On the contrary, the term "telernatic service" 
emphasises the software structure of a service and its functional characteristics as perceived by its users. 
Thus, this term is usually preferred by service providers, service developers, end users, and those with a 
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similar perspective. In this thesis, in order to avoid terminology confusion, the two terms are - used 
interchangeably, with the term "telematic service" or simply "service" being preferred. 
2.3. Object-Oriented Development of Telematic Services. 
As telecommunication networks become more advanced in the emerging telecommunications environment 
(see Section I. I. ), customers are motivated to request more varied and diverse telematic services, which in 
turn leads to larger, more geographically dispersed, and more complex telecommunication systems. 
Therefore, complexity tends to be a characteristic feature of telecommunication systems, which is manifested 
by the large number and the sophistication of the provided services, that have an increasingly complex nature 
[FITS96][VENIOO]. A typical telematic service interacts frequently with other services and with its end 
users and is possible to consist of thousands of software objects that are running on hundreds of hardware 
objects utilising a great variety of network resources. In order to provide the necessary functionality, all 
these objects are interacting in a complex and almost unpredictable fashion [FITS95]. 
This high complexity makes the development of a telematic service, starting from requirements capture 
and proceeding towards the implementation of the service code a very difficult task [ADA00f]. To master this 
complexity, create new efficient telematic services as quickly as possible, without making quality compror 
mises, and be able to manage them successfully through time ensuring their usability and reliability, telecom- 
munications software must be built with ways that are easy to understand, apply, and extend [MOSS95]. 
Initially, structured techniques were used for this purpose. These techniques offer a top down 
decomposition of the subject matter (the service under development), focusing on the functional parts and the 
relations between these parts [AVIS95]. However, as the telecommunications market was becoming more 
dynamic, time-to-market started to be a crucial factor in service development and the ability to leverage on 
already existing service components gradually gained importance, as it can offer a competitive advantage. 
Under these conditions the demand for reusability was increased and the value of structured techniques 
started to be questioned, as they fail to offer the levels of reusability, modifiability and extensibility that 
would be necessary. Correspondingly, telematic services that are implemented using these techniques do not 
scale easily and lack the flexibility and the sophistication that is often required to ensure the viability- of 
newly introduced services. Furthermore, service development projects that use structured techniques are 
increasingly facing long development cycles and high costs [MORE95][VENIOO]. 
The application of ohject-oriented technology in the development of telematic services promises to provide 
a solution to these problems as object orientation presents some key features necessary for tackling such 
challenging problem domains [DECL97][YAMA93][YAU92]. Among them (see also Section 2.3.1. ) the 
most important are the improved interaction between the service developer and the problem domain expert, 
the inherent support for reuse, the increased internal consistency of the service analysis and the service 
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design results, the explicit representation of commonality, and the construction of service specifications that 
are- resili6nt-- to change [FITS95]. However, despite the great potential of object-oriented service 
development, it has to be stressed that there is no "silver bullet" [BR00871 that can unfailingly lead a 
service developer, without any kind of mental effort from his / her side, down the path from requirements 
specifications to the implementation of a telematic service. 
In general, this section examines important issues regarding the application of object orientation to the 
development of telematic services motivated by the increased penetration of the object-oriented paradigm in 
the telecommunications world [ACT96a][EUR96b][ITU92a][RAC92b][TINA95a][VENIOO]. Initially, basic 
concepts of the object-oriented technology are analysed. Then, the main requirements associated with the 
design of telematic services are identified and ways that object orientation can support them are examined. 
Finally, an integrated approach is considered. 
Z 3.1. The Con cep t of Object Orien ta tion. 
Object orientation reflects a deep and natural human perception of the world, as there is philosophic 
evidence for the existence of a human cognitive filter based on abstraction and classification. The 
fundamental construct is an object which is the "building blocle' of any object-oriented system. Objects are 
instances organised into classes with common features. These features comprise attributes and procedures, 
called operations or methods. Objects should be as far as possible based on the real-world entities and 
concepts of the application domain. Each object behaves or interacts with its environment in a prescribed 
and understood way. More specifically, objects (classes and their instances) communicate by message 
passing. Messages may alter the state of an object, but leave the identity of the object unchanged (persistent 
identity) [GRA95a]. 
The packaging together of state (data / attributes) and behaviour (process / methods) in an encapsulated 
description is a key characteristic of object orientation. In this manner, the data structures and implementa- 
tion details of an object are hidden from other objects in a system. Furthermore, in combination with message 
passing, data duplication is eliminated and changes to data structures encapsulated within objects do not 
propagate their effects to other parts of a system. Thus, encapsulation or information hiding refers to the 
practice of including within an object everything it needs, and doing this in such a way that no other object 
need ever be aware of this internal structure. Closely related to encapsulation is the concept of abstraction, 
which is the process of identifying relevant objects in an application, ignoring the irrelevant detail [RAD196]. 
In an object-oriented system the structural and semantic relationships between instances and classes are 
dealt with by considering two main kinds of hierarchy: the inheritance, classification, generalisation or kind- 
of hierarchy and the composition, aggregation or part-of hierarchy. Another key concept of object orientation 
is. that. of setr-recursion or sey'-reference by which objects can send messages to their own methods 
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recursively (i. e. send messages to themselves). Thus, an object must know its own unique identity and be 
able to store itself as the value of one of its own attributes [PARS97][SOMM93]. 
Related to the term object-oriented are the terms object-based and class-based, which differentiate in the 
following way [ECKE94]: 
object-based = encapsulation + object identity 
class-based = object-based + set abstraction 
object-oriented = class-based + inheritance + self-recursion 
Object orientation can provide several benefits [BOOC94][COCK93][CUSA93][GRA95a][GRA95b] 
[RAD196)[RUMB91], which can be summarised in the formula': 
encapsulation + inheritance + identity =* reusability + extensibility + semantic richness 
Object-oriented concepts and ideas initially appeared in programming languages (e. g. Smalltalk, Eiffel, 
Objective C, C++, etc. ), resulting in a new technique (or paradigm) for programming (object-oriented 
programming), which can be considered as the evolution of procedural programming and modular 
programming-However, object orientation soon started to affect the process by which a developer proceeds 
from a statement of the problem to a detailed design that is then materialised in software. The result of this 
influence was the appearance of numerous object-oriented decomposition methodologies [GRA95a], which 
vary considerably, and in most cases use divergent terminologies, distinct graphical notations and emphasise 
different aspects of the software development process (see also Section 2.3.3. ). 
Z3. Z Object-Oriented Design of Telematic Services. 
The application of object orientation to the development of telematic services is more likely to start from the 
service design phase, as service developers can recognise its benefits more easily during the design of' 
services [FITS96][GRAH95][YAMA93]. Therefore, they are more willing to apply the object-oriented 
principles during this phase. For this reason, this section emphasises on design matters. More specifically, 
the design of telematic services has to be done in a way able to support a number of requirements. The most 
important of them are quality, modularity, management of complexity, and distributed processing. All these 
requirements can be efficiently supported by the object-oriented paradigm as is explained in the following 
paragraphs [ADA98c]. 
Ouali 
Service engineering is concerned inter alia with the construction of high-quality telematic services for a 
reasonable outlay of effort and thus cost. The quality of a telematic service is to be evaluated (mainly) 
1 It must be noted that inheritance can compromise reusability if not carefiffly managed [GRA95a].. . --. -. 
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according to the following criteria [GRA95a][KELL97][RICH88][SOMM93]: correctness, verifiability, 
robustness, reliability, maintainability, reusability, interoperability, efficiency, security, and friendliness. 
Object orientation contributes to most of these objectives as object-oriented systems are characterised by 
inherent reusability and extensibility, and because of the fact that formal methods of specification may be 
made to blend with the object-oriented approach. Additionally, object-oriented design contributes 
significantly to the issues of reusability, maintainability, and interoperability of telematic services by 
employing mainly the techniques of bottom-up design, information hiding, and inheritance [PARS97]. 
More specifcally, a bottom-up approach to design improves significantly the potential for service reuse 
permitting the specification of new services by modifying existing specifications and the creation of new 
services by relying on facilities made available by existing services. This happens because service 
partitioning is accomplished by packaging objects and not by breaking service tasks down into smaller and 
smaller components (top-down functional decomposition), which is an activity that is nearly always highly 
application specific and therefore leads to non-reusable modules. Due also to information hiding service 
modules are accessed purely via their interface, which is equivalent to a specification of the function of the 
module. Thus, information hiding can also contribute to security. Additionally, a simple interface contributes 
to interoper-ability and friendliness. Finally, inheritance makes exception handling easier, improves the 
extensibility of telematic services, and can facilitate reuse. 
Correctne*ss and robustness are addressed by formal specification and prototyping, which can be 
haimonised with object-oriented design [GRA95a][RADI96]. Furthermore, reusable service modules are 
likely to be more robust as every time they are used they are tested as well. Maintainability, reusability, 
verifiability, and reliability of telematic services are all supported by the simultaneously "open" and "closed" 
nature of object-oriented systems 2 [CUSA93]. 
Modulari 
The importance of modularity in the creation of telematic services has been greatly cmphasised 
[FELD95][SE1193]. The main criteria for modularity in telematic services are decomposability, 
composability, understandability, continuity, and protection [MEYE88]. 
More specifically, decomposability refers to the requirement that services be decomposable into 
manageable, parts so that they can be modified more easily. Decomposability is strongly related to 
decentralisation, which helps to simplify the design of a service by eliminating hidden dependencies, so that 
design changes are isolated to specific service modules and do not automatically affect the rest of the service. 
Composability refers to the property of service modules to be freely combined even in services for which 
2 Object-oriented systems have this nature mainly due to inheritance. Meyer's "open-closeV principle states that 
reusable systems should be both open, in the sense that they are easy to extend, and closed, in the sense that they 
are ready to use [MEYE88]. 
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they were not developed. Understandability assists people to comprehend a service by looking at its parts 
prior to gaining an understanding of the whole. Continuity in a service implies both that small changes made 
to it will result in small changes in its behaviour, and that small changes in the specification will require 
changes in only a few service modules. Finally, the criterion of module protection insists that exception and 
error conditions, either remain confined to the service module in which they occur, or propagate to only a 
few other closely related service modules. 
The principles required to ensure these criteria for service modularity are linguistic modular units, few 
interfaces, small interfaces, explicit interfaces, and information hiding. The phrase "linguistic modular upits" 
refers to the need for a correspondence between the modules of a service and the syntactic units provided by 
the method used to design the service. It is evident that object orientation supports this principle by default. 
Few interfaces implies that each service module should communicate with as few others as possible, because 
of the difficulty of tracing complex message passing. The principle of small interfaces states that the 
interfaces should pass as few data as possible. The need for explicit interfaces arises from the need to use 
service modules via their specification rather than their implementation, so that in composition and 
decomposition the intermodule connections are known clearly. The last three principles may be combined as 
the prInciple of simple interfaces. Finally, the principle of information hiding states that service modules 
should hide the design decisions used in their construction. 
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Figure 2.1.: The relationship between the criteria and the princip! es for modularity in telematic services. 
The relationship between the criteria and the principles for modularity in telematic services (which criteria 
are ensured by each principle) can be seen in Figure 2.1. Object orientation supports all five principles and 
thus guarantees the modularity of telematic services. 
Management ofcomplexiN 
The design of telematic services is an inherently complex task as it involves interaction among several 
processes. Every telematic service results ftom a thorough examination of a problem domain. An'abstraction 
of the key elements of this problem domain and a decomposition into service objects and 
inheritance, 
aggregation, and usage structures based on real-world objects and concepts assists with the management of 
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complexity in several ways. Firstý the telematic service and the problem are in close correspondence, so that 
general knowledge in service engineering can be mapped onto the solution. Second, encapsulation divides the 
I service up into coherent parts, which are small and simple enough to be understood as a whole. Third, object 
orientation provides several ways to model structure and meaning. Lastly, the reusability and extensibility of 
object-oriented systems mean that complex services may be assembled from simple ones (service compo- 
nents) and that they can evolve incrementally in simple steps [GRA95a][PARS97]. 
Distributed processing 
The vast majority of new telecommunications services can only be provided if a high level of cooperative 
computing (not just signalling) based on distributed processing is made possible between network nodes and 
terminal nodes with advanced processing capabilities. Additionally, telematic services must communicate 
(service nesting) and share resources in a distributed manner [FELD95]. 
-It 
is natural to think of a telematic service involving distributed processing as an entity composed of 
objects cqmmunicating by message passing, which again is the most natural metaphor to use to describe 
networked, cooperating service components. Thus, object orientation has the modelling expressiveness and 
semantic richness to express distributed processing in a telematic service [EMMEOO]. In fact the application 
of object orientation in the field of distributed processing has been so successful that resulted in the 
emergence of the "distributed objects" paradigm (see also Section 3.3. ) [GUER99]. 
2.3.3. Towards an Integrated Approach. 
Currently, the application of object orientation to the telecommunications industry is mainly focused on the 
modelling and specification of communications entities, especially network and service elements, and on the 
programming of telecommunications software [VENIOO]. However, the full potential of object orientation 
can only. be realised when applied to the complete life-cycle of a telematic service, which includes all the 
activities that are required to support the development, the operation and the maintenance of a service (see 
Section 4.2., Figure 4.1. ), because then it can deliver, in the most efficient and effective manner, all its 
benefits [ADA99d]. This application of object orientation can take the form of the reference model of Figure 
2.2., which is the reference model of the Object Management Group (OMG) for Object-Oriented Analysis 
and Design (OOAD) [OMG93] modified for telernatic services. 
In this reference model, object modelling provides a set of terms and concepts for representing everything 
within the scope of a telematic service life-cycle as an object. Service requirements modelling refers to the 
elicitation of the service requirements and to their appropriate structuring and representation. Service 
analysis modelling covers the process of obtaining a description and gaining an understanding of the (main 
concepts related to the) service under developmenL Service design modelling refers to the logical design of 
the'service and consists of adding information to service class specifications and producing a solution to 
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some particular problem using service objects. Service implementation modelling is physical design and 
involves designing service modules, the distribution strategy, and taking account of software (tools) and 
hardware to be used. Finally, service construction refers to the production of the service code, service testing 
to the examination of the implemented service under various conditions, and service deployment to the actual 
provision of the service by placing it in its real operational environment. In general, the object-onented 
metaphor forms a unified conceptual model covering all the phases of the reference model of Figure 2.2. 
(paradigm consistency), in an integrated manner. 
In order to expand the application of object orientation, according to Figure 2.2., a service creatiop? 
methodology is necessary to guide the service developer(s) and structure the service development project 
[ADA00fl[DECL97]. One possibility to satisfy this need would be to use one of the numerous general 
purpose OOAD methodologies that have been appearing during the last decade [HEND99]. However, many 
of these methodologies are quite immature both theoretically and empirically, and they are based on very 
limited practical experience. Moreover, some of them are weakly documented or they are still undergoing 
evolution [ITVA95]. Therefore, the comparison of OOAD methodologies, in order to decide about their 
suitability for service creation purposes, seems to be unavoidable. 
Figure 2.2.: The OMG reference model for OOAD modified for telematic services. 
Most of the existing comparative analysis of OOAD methodologies are non-empirical, focusing on the 
similarities and differences between the methodologies. [ARN091) compares systematically five object- 
oriented development methods 3 with regard to important concepts, models and notations, process aspects, 
and pragmatic aspects. [SUTC91] includes a brief feature analysis of five OOAD methods, while 
[CHAM92] discusses typical features shared by the majority of Object-Oriented Analysis (OOA) methods 
as well as their differences, and also compares very briefly a number of methods with regard to their concepts 
3 The terms method and methodology are used interchangeably in this section. See also Section 4.4. 
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and notations. [FICH92] compares conventional and OOAD methodologies, [MONA92] compares 24 
OOAD methods with regard to features of the OOAD process, representations and complexity management, 
and [CIVE93] examines the concept of composite objects in six OOAD methodologies. [HONG93] uses a 
metamodelling approach to compare the concepts / notations and the development process in six OOAD 
methodologies, while [LOSA94] compares the graphical notations of three OOAD methodologies. 
[ECKE94] includes a comparison of four OOA methods focusing mainly on their structural aspects, 
(IIVA94] examines the suitability of six OOA methods for information systems analysis, and [YUAN96] 
evaluates six OOAD methodologies based on a number of modelling criteria and on model integrity. Finally, 
[HEND99] contrasts and compares two object-oriented development approaches focusing on process and life 
cycle suppoM metamodelling, and notation. 
All the above comparisons, except for the fact that they refer to different OOAD methodologies, have a 
very broad scope and they consider matters from a purely software engineering perspective. Therefore, due 
to their lack of focus and their orientation, they are not really useful (in fact someone could argue that they 
are even confusing) for deciding about using a OOAD methodology for the development of telematic 
services. For this reason, in the following paragraphs a simple, but focused and well-thought, OOAD 
methodology comparison is attempted. 
The OOAD methodologies that are considered are well documented, successfully applied in many (and 
various) cases, non-proprietary, reasonably specific, and enjoy a wider acceptance. These are: 
" "Object-Oriented Analysis and Object-Oriented Design (OOA/OOD)" of Coad / Yourdon [COA91a] 
[COA91b]. 
" "Object Modelling Technique (OMT)" of Rumbaugh et al. [RUMB91]. 
" "Object-Oriented Analysis and Design (OOADY' of Martin and Odell [MART92]. 
" "Object-Oriented Software Engineering (OOSE)" of Jacobson et al. [JAC092]. 
" "Object-Oriented Systems Analysis (OOSA)" of Shlaer and Mellor [SHLA88][SHLA92]. 
" "Object-Oriented Analysis and Design (OOADY' of Booch [BOOC94]. 
" "Design Object-Oriented Software (DOOSY'of Wirfs-Brock et al. [WIRF90]. 
" "The Unified Software Development Process" of Jacobson, Booch, and Rumbaugh [JAC099]. 
I nitially, the modelling ability of the selected OOAD methodologies is examined regarding structure, 
function and behaviour aspects, because all the corresponding modelling capabilities are considered to be 
absolutely necessary when developing telematic services [ACT96a][FITS95]. More specifically, structure 
aspects describe static service objects, their relationships, attributes and their possible states, function 
aspects describe the input-output transformations, and behaviour aspects the instantiation and dynamics of 
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the transformations with time [IIVA951. It has to be noted that the classification into structure, fimction, and 
behaviour is a generalisation of the distinction between data, function and control, which is widely applied in, 
the information systems literature [GRA95a], and corresponds to the distinctions between informaticm-, 
model, process model and state model [SHLA92] and between object modelling, functional modelling and 
dynamic modelling used in the object-oriented community [RUMB9 I]. 
00A100D, 0MT1 OOAD, 00SE, 00SA, 00AD, DOOS, The Vnifie4r 
Coadl Rumbaugh Martin and Jacobson Shlaer and Booch Wap-Brock Process, 
Yourdon et al, Odell ef al, Mellor et aL 
Structure Object & class, Object & class, Object type, Object Object and Object & class, Class, Object & class. 
. Abstractions Attribute, Attribute, Relationship, (interface, instance, Attribute, Attribute, Attribute.  
Gen. -spec. Generalisation', Genemlisation', problem entity/ Attribute, Inheritance Subclass- Gen. -spec. 
structure', Aggregation2 Composition2 domain, control Domain, relationship', superclass 
1, structure 
1. 
Whole-part (fixed, variable, object), Subsystem, Whol "LsTart-or Aggregation2. 
structure , recursive), 
Attribute, Relationship, 21 relationship, Compositiore. 
Subject, Association and Association Subtypet Module, Subsystem Package, 
Instance link, (inheritance', supertypel Subsystem, Template class. 
connection Module, acquaintance, Class category, composite 
Sheet consists-0172). Template object, 
Subsystem Component 
Function Service Operation, Operation Use case, Action, Operation, Purpose. Operation, 
Abstractions Action/activity, Responsibility, Process Responsibility Responsibility, Method, 
Function Operation (accessor, event Contract, Use case.. 
generator, test, Protocol, Collaboratiork- 
transformationj Method 
Subsystem signature 
responsibility 
Behaviour State transition, State transition, State transition, Use case, State transition, State transition Collaboration, State transitiort. 
Abstractions Message Scenario, Event, Communication Bridge, Contract, Event, 
connection Event, Trigger, association Event, Message Actioný 
Event trace Triggering rule, Accessor Activity 
Event flow, Control 
Inputtoutput condition 
f v ues _J 
* Keters to me mooening or innemance. 
2 Refers to the rmdelling ofcomposite or complex objects. 
Table 2.1.: Structure, function, and behaviour abstractions in the selected OOAD methodologies. 
The structure, function, and behaviour abstractions used in the selected OOAD methodologies are 
summarised in Table 2.1. Regarding the structure abstractions, from this table is evident that the 
methodologies are quite similar in the way in which they structure individual objects and classes, everl 
though the terms differ slightly from one to the other. Furthermore, inheritance is a common feature of all the 
methodologies, while only some of them (Coad/Yourdon, OMT, Martin and Odell, OOSE, Booch, the 
Unified process) include the idea of composite or complex objects. Important is also the fact that all the 
methodologies, except for that of Martin and Odell, introduce concepts to describe collections of objects and 
classes. Regarding the function abstractions, Table 2.1. reveals that there is considemble variety in the 
modelling of the functionality of individual objects and classes, and that the specification of the functionality, 
of set of objects is only addressed by some of the methodologies (OOSE, OOSA, DOOS, the Unified 
process). Finally, Table 2.1. indicates that the modelling of the internal behaviour of individual objects 
is 
quite uniform in the selected methodologies, as all of them, except OOSE and DOOS, adhere to the use of' 
state transition graphs / diagrams. However, there is considemble variety between the methodologies with 
regard to their ways of modelling the behaviour of set of objects. 
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In general, Table 2.1. reveals that all the selected OOAD methodologies are more or less capable to 
satisfy the modelling needs that appear during the development of telematic services. However, when 
considering the detailed descriptions of the methodologies using Table 2.1. as a guide, it becomes evident 
that most of them are biased towards either structural, functional or behavioural modelling. More 
specifically, Coad / Yourdon, OMT, OOSA and Booch emphasise structural modelling, OOSE favours 
functional modelling, and Martin and Odell and DOOS focus on behavioural modelling. Only the Unified 
process is characterised by a balanced attention to the three modelling perspectives, which are also considered 
in detail. Because of this fact, and because the Unified process adopts the use of the Unified Modelling 
Language (UML) [BOOC98] (see also Section 4.3. ), which is rapidly emerging as a standard modelling 
notation, this OOAD methodology appears to be more capable to support the modelling of telematic services. 
OOA1OOD, OMT. OOAD, OOSE, OOSA, OOAD, DOOS, The Unified 
Coadl Rumbaugh Martin and Jacobson ShIder and Booch HIrfs-Brock Process 
Yourdon et aL Odell et aL Mellor et aL 
Direct support 
for service No No No No No No No No 
conceptsl 
constructs 
Supportfor Medium Medium Medium LAW No High High High 
reuse 
ToolsuppOrt High Medium Low Medium Medium High Low High 
Custoinisability Medium High Medium Medium Low High Medium Hioh 
Integration High High Medium High Low High Medium Medium 
Precision High High Medium Medium Medium High Medium High 
Organisation Medium Medium High High Medium Medium Medium Medium 
Table 2.2.: Evaluating the selected OOAD methodologies for service development. 
The OOAD methodology comparison is completed by considering, for each of the selected OOAD 
methodologies, a set of properties (direct support for service concepts / constructs, support for reuse, tool 
supp ort, customisability, integration, precision, organisation ') that are essential for applying successfully, in 
an effective and efficient manner, a methodology to the development of telematic services. The results of this 
examination are summarised in Table 2.2., which reveals that most of the methodologies are characterised 
by most of the necessary properties (at varying degrees). The problem is clearly created by the first property 
(direct support for service concepts / constructs) which does not characterise any of the selected OOAD 
methodologies and therefore makes them unsuitable to be used for service development, although they 
possess the necessary modelling abilities (as was explained earlier). 
To be more precise, the unsuitability of the selected OOAD methodologies stems mainly from their 
general purpose character. These methodologies are designed with the objective to support the development 
of every possible software system. Therefore, they are rather abstract and sometimes complex as they try to 
take into account every possible situation, but without losing their generic character. These methodologies 
4 This property indirectly characterises the understandability and ease of use of the methodology. 
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have thus to be custornised in order to be used for the development of telematic services [EUR96b]. 
Otherwise, if such a methodology is applied as it is, the service developer will spend considerable. time and 
effort to "reinvent the wheer, for example, by devising again basic service engineering concepts (as that of a 
session), and try to incorporate them appropriately in the original methodology. It is obvious that. such all 
approach is impractical, inefficient, and very open to errors. At this point, it has to be stressed -that the 
necessity to customise general purpose methodologies for use in a specific domain or for specific purposes is 
widely acknowledged by the information systems research community 5 [CHAT97] and has led to the 
appearance of the "methodology engineering" paradigm [BRIN96][HIDD97][KUMA92]. 
The customisation of a general purpose OOAD methodology for service engineering activities is generally 
a difficult and time consuming task. More specifically, best practices regarding service development have to, 
be identified, expressed in an appropriate manner and incorporated successfully in the methodology, together 
with various important service concepts. Additionally, proper validation of the resultant methodology is 
necessary in order to ensure its applicability and its practical value. Such a customisation attempt is mor e 
difficult, more demanding, and more risky than creating a service development methodology from scratc4. 
because the service developer who will do the customisation must have a very good knowledge of the 
original methodology (and even significant practical experience on its use), in order to (among others) select 
and remove the parts of the methodology that are not necessary (because they increase complexity without a 
reason), introduce the desired constructs / concepts without violating any of the basic methodology 
principles, amend the proposed sequence of activities (usually in the form of steps) to incorporate the 
changes, and ensure the overall consistency. Finally, it has to be noted that the customisation of ;a 
methodology increases the possibility of inheriting its deficiencies (because the emphasis is on the 
introduction of new concepts / constructs), while it does not guarantee the preservation of its advantages. 
Another reason for the inadequacy of the selected OOAD methodologies for service development purposes 
is that most of them, either lack completely a requirements capture and analysis phase, or they do no t* 
I ti support sufficiently the related activities, because they consider the system requirements (their elicita on and 
their structuring) as given (by means external to the methodologies) [GRA95a]. This is a serious inefficiency 
in the context of service creation where the success of a telernatic service (its acceptance by the end users) 
depends significantly on the accurate identification and the clear and efficient representation and structuring 
of the service requirements [CLAR94]. This inefficiency should be addressed when custornising a general 
purpose OOAD methodology. Another matter that should be addressed then refers to the modelling notation 
used by the methodology, which should be UML (wherever possible) due to its important benefits and its 
excellent perspective (see also Section 4.3. ). 
It is even recognised by most of the selected OOAD methodologies. For example, the creators of the Unified 
process state explicitly that it is actually a -customisable framework" [JAC0991. 
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Finally, from the above discussion the need for a specialised service development methodology that 
adopts fundamental OOAD concepts, has a requirements capture and analysis phase, and uses UML should 
be evident. This need is also highlighted in Section 2.6. and is finally satisfied in Chapter 4 by proposing and 
presenting such a methodology. In this way the full potential of object orientation in service engineering will 
be realised, facilitating the transition to an open integrated broadband telematic service infrastructure, 
populated by a great variety of services. 
2.4. Key Technologies in Emerging Multi-Service Networks. 
The rapidly expanding penetration of the object-oriented paradigm in almost every software development 
activity combined with the increased demand for new telecommunications services that started to 
characterise the transforming telecommunications environment (see Section I. I. ), resulted in the 
strengthening of the awareness regarding the potential benefits of the application of object orientation in 
telecommunications (see Section 2.3. ) and in a corresponding growing interest for the introduction of object- 
oriented technology in the development of telecommunications services [EUR96b][FITS95][VENIOO]. 
Furthermore, telecommunication networks began to evolve towards integrated services networks or Multi- 
Service Networks (MSNs), which are networks capable of supporting a wide range of services [SMIT94]. 
Traditional telecommunication networks are monolithic constructs developed with specific services in mind 
and their structuring, their protocols, and the procedures and concepts they define reflect this. On the 
contrary, MSNs constitute and promote a generic network infrastructure with a large set of simple facilities 
which are employed by actual services; the more complex a service is, the greater the set of elementary 
facilities it uses and the more intricate the interactions between them that it prescribes. Therefore, in MSNs, 
services are viewed as value adding applications, composed using more elementary facilities available under- 
neath and operating on top of a general purpose communications subsystem. For this reason, the emphasis is 
placed on'finding a set of elementary facilities that would lend themselves to systematic arrangements and 
would form a coherent ftamework for the composition of (more complex) services [GEIH96][VENIOO]. 
Under these conditions, the telecommunication software has also significantly evolved. This evolution is 
reflected in miscellaneous (yet interrelated) areas, such as the signalling (control) software, the (service and 
network) 'irianagement software, and the application of the object-oriented and distributed processing 
paradigms. It is this evolution that is mostly related with the research work presented in this thesis, as it 
affects mostly the development of telematic services. Therefore, the following subsections present in a concise 
manner the main concepts pertaining to the technologies of Intelligent Network (IA9 and Telecommunication 
Management Network (TMA9, and also comment on their possible future integration. These two 
technologies constitute the initial semantic underpinning of this thesis as they were the first that incorporated 
successfully and efficiently state of the art information technology into the telecommunications world. 
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2.4.1. Intelligent Network. 
The Intelligent Network (IN) is an evolving open service-oriented network architecture which represents a 
basis for the uniform creation, introduction, control, and management of services beyond the basic telephone 
services in the telecommunication environment. 
IN represents a first step towards progranu-nable switched telecommunication networks [CHAP95]. 
Instead of replicating the service logic and data in all switching nodes, the basic idea of the IN is to move the 
network intelligence to centralised, high performance and reliable computing nodes in the network, and 
remotely control the establishment of call connections performed by the switches. 'For this reason, as can be 
seen in Figure 2.3., within each switch a Service Switching Point (SSP) is introduced. On receipt of certain 
phone numbers, the SSP triggers intelligent processing by passing a request to a Service Control Point 
(SCP) [FAYN96]. The fundamental prerequisite for this approach is the real-time connection between the 
SSPs and the SCPs, which is achieved by a Common Channel Signalling no. 7 (CCS7) network, supporting 
also the IN Application Protocol (INAP) between SSP and SCP [ITU95a]. 
Figure 2.3.: Simplified architecture of the intelligent networL 
In order to support the provision of an open set of services, the IN defines an extensible set of generic and 
reusable service components, known as Service Independent Building blocks (SlBs). These can be combined 
into higher level service elements (service features) in order to enable the construction of new services. This 
process is facilitated by the IN Conceptual Model (INCAO, which defines a top down approach for the 
structuring of IN architectures based on IN service capabilities through four planes addressing service 
design aspects, global and distributed service provisioning functionality, and physical aspects of an IN- 
structured network [ITU95b]. 
'Me main strength of INs originate from the fact that they are an overlay on an existing network, and thuý 
require little change to the existing systems. However, this is also their weakness, since the capability of the 
underlying network is limited to telephony. Future broadband services will require the ability to handle large 
multi-party calls (e. g. videoconferencing) and modify the connections during the progress of a call (e. g. to 
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increase and decrease bandwidth on demand). It is doubtful whether the current underlying telephony 
network and the IN concept as it is can meet these fiiture service needs without extensive modification 
[CHAP95][HUBA991. 
The standardisation of IN takes place within ITU-T and ETSI in a coordinated manner [ITU93]. Both 
bodies aim for the definition of an INLong-Term Architecture (LTA) in stages and focus their work on the 
development of recommendations for a series of upwardly compatible IN Capability Sets (CSs) 6. Each CS 
is defined in terms of the services to be supported and the functional architecture supporting these services. 
More specifically, CS-1 covers single-ended services and is followed by two other phases (CS-2 and CS-3), 
which extend it with more sophisticated capabilities [MAGE96]. This phased approach of standardisation 
and thus evolution facilitates the extension of the IN service capabilities and architecture 
7 as required by the 
market demands and the incorporation of important IT technological developments (e. g. the emerging 
intelligent broadband network) [TRIG98][VENIOO]. 
2.4.2. Telecommunkation Management Network. 
The Telecommunication Management Network (rNN framework defines a well-agreed open management 
architecture that provides a minimum but necessary platform for providing interoperability between different 
management systems and network components in the short term and a basis of an integrated system for 
managing all kinds of telecommunication networks and services in the long term, supporting their planning, 
provisioning, installing, maintaining, and administering [ITU92a][MAGE96]. The basic concept behind the 
TMN is the provision of an organised network structure for achieving the interconnection of various types of 
management systems (which carry out specific management tasks) with the telecommunications equipment 
in the underlying managed network [HALL93]. A TMN is conceptually a separate network that interfaces 
rmation with the telecommunication network that it manages 9 at several different points to send / receive info 
to / from it and to control its operations [SHRE95]. 
As can be seen in Figure 2.4., a TMN has a distributed hierarchical nature and is based on a hierarchy of 
five management layers. Each layer restricts management activities within the boundary of the layer to a 
clearly defined rank (business, service, network, and element management). On the bottom layer is the 
physical, equipment of network elements. Above this is the element management layer which contains 
functions for the management of each network element on an individual basis, whereas the network 
management layer has the responsibility for the management of all network elements, both individually and 
6 It has to be noted that the objectives of the Advanced Intelligent Network (AIN) releases defined by Bellcore in 
North America are similar [BELL94]. 
7 Although this process in practice proved to be difficult and time-consuming [MAGE96]. 
8 Management refers to a set of capabilities related to the FCAPS management areas (Fault, Configuration, Account- 
ý ing, Performance and Security) [ITU92b]. 
9A TMN may use parts of the telecommunication network to provide its own communication. 
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as a set. The network management layer provides the functionality to manage a network by coordinatizig 
activity across the network and supports the "network demands" made by the service management layer, 
which contains functions for the provisioning of services and the management of customer subscriptiorls_ 
The business management layer contains functions related to managing the business processes of a netw4Dork 
operator or service provider [AIDA98]. 
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Figure 2.4.: A siMplified view of the functional TMN hierarchy. 
As indicated in Figure 2.4. each layer is represented by a corresponding Operations System Functiorl 
(OSF), which processes information related to specific telecommunications management activities 
[MAGE93], and all vertical and horizontal interactions within a domain take place at generic "q" reference 
points, while interactions between the OSFs of different TMNs take place at "x" reference points. 
Furthermore, the TMN defines a manager-agent model, according to which manageable resources are 
modelled by managed objects at different levels of abstraction [SHRE95]. 
The definition of the TMN information model is based on object orientation. Therefore, the TMN adOPted 
the OSI Systems Management (OSI-SU) [ITU92b] as the basis for the TMN information architecture and 
thus the Common Management Information Service and Protocol (CMIS/P) [ITU91a][ITU91b] for dis- 
tributed object access across standardised interfaces. However, it has to be noted that the TN1N is not tied to 
the OSI-SM framework and other technologies have also been considered [AIDA98][PAVL96][PAVL981. 
Finally, for the design of TMN interfaces, a top-down interface specification methodology is described in 
[ITU95c]. According to this, the starting point is the identification of the desirable management services 
[ITU95d] and their decomposition to management service components, which state the requirements for 
actions to be performed on the managed netwo& These service components are then further decomposed into 
management functions [ITU95e], which are the smallest part of a TMN management service as perceived by 
the user of the service. This process ends with an appropriate object modelling phase which maps the man- 
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agement functions onto managed object classes and a consolidation phase which produces the final manage- 
ment information schema. This methodology has been extended and refined in the area of constituents of 
management services and hierarchical decomposition by the RACE projects lCM and PREPARE [GRIF96]. 
2.4.3. Integration Issues. 
The IN and TMN architectures have many similarities and complement each other, since the IN facilitates 
the uniform service creation and provision, whereas the TMN enables the uniform management of services 
and networks. However, there are also some important differences, as both architectures are defining their 
own sets of protocols, and use different terminology, notations and techniques to structure software. 
Therefore, the co-existence and integration of IN and TMN is urgently required and thus it is the subject of 
several international research and standardisation activities [ETS192]WGE96][PAVL98]. 
, More specifically, effort 
is being spent in defining how IN systems and services can be managed using the 
TMN architecture, as TMN is expected to be deployed for nearly all telecommunication systems 
[KOCK95]. This will result in the reusability of management functions and associated logic (management 
service components) for all network technologies that share the same TMN management philosophy and to 
the unification of management processes [PAVL98]. The starting point for a TMN-based IN management 
solution is a comprehensive management requirements analysis, covering for each role present in the IN 
environment (service subscriber, service provider, network operator) all management activities within the 
entire lifetime of an IN service [ETS194]. Based on the identified IN management requirements, a TMN 
management solution can be developed, comprising by a set of appropriate IN management services, a corre- 
soonding IN management information model, and an IN management architecture [MAGE93](MAGE96]. 
Another, more controversial activity regarding the IN and TMN integration is the attempt to achieve IN 
service capabilities by using TMN concepts WGE95]. In that way, IN functional entities are replaced by 
equivalent object-oriented TMN functional blocks, communicating with each other over the signalling plane 
(e. g. using CMIS/P, instead of INAP) [PAVL98]. There is evidence that this approach preserves the basic 
IN principles and achieves the desired functionality by considering the IN as a short-term implementation of 
a service management network [ECKA95]. 
Finally, the IN and TMN integration efforts revealed the importance and necessity of globally manageable 
telecommunications networks with a sean-Aess service delivery far beyond the possibilities of INs. Therefore, 
the challenge for the long term is to integrate IN and TMN within a common playorm, allowing the 
integrated creation, provision, and management of telecommunications services (comprising both 
telecommunications and management capabilities), by adopting object-oriented techniques and the ODP 
modelling approach, and by making use of a DPE as a ubiquitous supporting infrastructure which 
encapsulates the transport network [AIDA98][PAVL98]. 
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2.5. Architectural Frameworks for Telematic Services. 
In order to advance beyond IN and TMN, and realise the vision of information networking, the prerequisite 
is (as was explained in Section I. I. ) the provision of a global service infrastructure, based on a network 
independent open service platform, which should hide both the complexity of the heterogeneous network 
infrastructure and the diversity of the existing services, facilitating at the same time the fast and efficient 
creation, provision, and management of new telecommunications services [MCK198]. The correct design, the 
portability, and the reuse of interoperable software components realising telematic services will be of prime 
importance in this context [BER95b][VENIOO]. 
Furthermore, as is evident from the analysis of Section 2A, IN and TMN are closely related [MAGE93], 
since they cover complementary aspects, but they are neither harmonised nor aligned with object-oriented 
service design and modelling principles as promoted by emerging Open Distributed Processing (ODP) 
standards (see also Section 3.2.1. ) [ITU95a]. Therefore, various activities to "merge" IN and TMN have 
been initiated. However, these activities will fail unless the, often implicit, architectural incompatibilities are 
addressed and resolved. There is strong evidence, that an integration of IN and TMN should be done on a 
conceptual level and be based on an explicit architectural framework that unifies control and management of 
tele'commun " ications; services '0. while promoting object-oriented modelling techniques and distributed 
information processing [PAVL98]. 
Therefore, there is a need for an innovative architecturalframework supporting in an efficient manner the 
rapid and flexible introduction of new telecommunications services, and the ability to manage them and the 
network infrastructure in an integrated way [PROZ97]. This framework is necessary to make use of recent 
advances in the field of distributed computing, incorporate object-oriented design principles for service 
modelling, consider both IN and TMN, and define a software architecture that offers reusable software 
components, supports network-wide software interoperability, eases and unproves service design, 
construction, testing, deployment and operation, and hides from the service developer the heterogeneity 6f the 
underlying technologies and the complexities introduced by distribution [ROWB96]. - 
The most important architectural frameworks, which have been developed taking into account the above 
mentioned needs / requirements, are the Open Services Architectural (OSA) framework within the RACE 
project CASSIOPEIA [RAC95a][MG95], and the framework defined by the Telecommunications 
Information Networking Architecture Consortium (TINA-C) [BARR93][CHAP95][INOU98][MAGE971- In 
the following sections these two frameworks are presented focusing on their essential 'characteristic -s that 46 
10 The term "control" generally indicates network and terminal functionality allowing users to access and use 
services by the sct-up, exploitation, ' and release of necessary resources. The term "management", instead. 
indicates network and terminal functionality able to create, monitor, measure, and modify the status of resources 
and services. "Control" has traditionally been the realm of IN, whereas "management" has been in the scope of 
TMN [INOU99][TRIG98][VENIOOI. 
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most relevant with the research work presented in this thesis. Then they are compared and contrasted with 
emphasis given on important approaches followed pertaining their service architecture and component models. 
Finally, as a result of this evaluation process, one of these architectural fi-ameworks is selected to be the serv- 
ice support environment of the proposed telecommunications service engineering framework of Figure 1.1. 
Before proceeding, it has to be noted that there are also other approaches in the service engineering area 
that focus on (almost) the same direction with OSA and TINA-C. The most important of them are the future 
Intelligent Network (IN) as developed by the Eurescorn Project P103 "Evolution of the Intelligent Network" 
[EUR94a][MUDH961 and the Information Networking Architecture (INA) initiative of Bellcore [NATA92]. 
However, these approaches are not finther considered in this thesis, because the P103 approach has been 
very strongly influenced by IN technology, and the INA approach has been undertaken by a single company 
(Bellcore) without being specified at the appropriate level of detail. Furthermore, all of them represent 
iesearch work that took place earlier or in parallel with OSA and TINA-C, and therefore their main findings 
are incorporated (directly or indirectly) into both OSA and TINA-C. 
Z5.1. The Open Services Architectural Framework. 
Recognising the need for a thorough re-evaluation of the way telecommunications services should be 
conceived, deployed, provided and managed in the emerging Integrated Broadband Communications (IBC) 
environment, the RACE (Research into Advanced Communication in Europe) program, focused through a 
series of projects, on the definition and validation of an architectural framework for open service design and 
deployment [TRIG95]. The most important of these projects was CASSIOPEIA [RACE95a] which resulted 
in the development of the Open Services Architecturalframework (OSA) 
OSA 'is comprised of two architectures: the Open Services Design Architecture (OSA,, pp) for the 
deýeldpmeni of telecommunications services, and the Open Services Provisioning Architecture (OSA,, ) for 
the development of the environment in which these services will be provided. These two peer architectures 
complement each other. Each architecture includes means for the conceptual modelling during analysis and 
design of either services or systems in a suitable and problem oriented way. 
In OSA, services are specified at different levels of abstraction in terms of 0SA-components. These are 
mapped onto deployable components, defining the necessary computational objects to provide the service in 
a selected system environment. The decomposition and refinement of the OSA-components is supported and 
guided by OSApp, with the aim to achieve reuse and reusability of the designed services. OSA doesn't 
specify accurately the functionality that should be provided in any particular system environrnentý but allows 
the environment to be populated with any suitable set of deployable components, which can be used and 
combined to realise other services, and enables this set to grow with the deployment of new services. 
11 RACE projects ROSA, SCORE, BOOST, DRAGON, EURSAF were also related to the development of OSA. 
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The computational abstraction of OSA,,, is called a service machine, and is populated by executable 
service specifications [RAC92b]. It represents the fimctionality enabling the deployment and provision of 
services, abstracting from its actual distribution over the network nodes. Any new deployed service becomes 
part of the service machine and can be reused by other services. A minimal service machine represents a 
imal set of "functions" that can be taken for granted by any service designer. The functionality of the 
.I service machine is organised around the following groupings: nucleus, resource access, distributed 
processing, and deployment. The service machine is engineered as a service network, which is defined as a 
network of service nodes, each hosting a "local projection7' of the service machine and ensuring the 
availability of the minimal service machine's functionality [MG95]. 
Z5. Z The TINA-C Initiative. 
The emerging open service platform, envisaged by information networking, will result in the "Virtualisatiorý' 
of the (computing and communications) infrastructure, increasing significantly the proliferation of telematiq: 
services. Such a virtual infrastructure, which is the outcome of the adoption of a software perspective in 
1 
telecommunications, embraces a much more dynamic and heterogeneous approach to the representation of 
information, the configuration of hardware and software systems that process it, and the binding of resources 
to its distribution, with a profound impact on almost every telecommunications related activity [TENN96]. 
Because of this perspective some of the world's leading telecommunications and information technology 
companies established in 1992 the Telecommunications Information Networking Architecture Consortium 
(TINA-C). The main objective of TINA-C is to define and validate an open, innovative, and coherent 
architectural framework (a long term architecture for telematic services) that would address in an integrated 
manner service control and service management [TIN95b]. This framework encompasses the long terin 
objectives of both IN and TMN [APPE93], applies ODP standards and object-oriented design principles, 
facilitates the design and provision of services in a heterogeneous system and network environment with 
different domains of ownership, and ensures the introduction of new and enhanced services and their 
management, much faster and more efficiently than with current approaches [BARR93][CHAP951 
[INOU98][INOU99][MGE97][PROZ97][ROWB96]. 
TINA-C services are considered as software-based applications that operate on a distributed computing 
platform (a DPE). This platform hides from services the underlying technologies and distribution concerns, 
and supports in this way the portability and interoperability of the service code. Therefore, a service is 
realised by a set of interacting service components (i. e. computational objects interacting via their 
computational interfaces), which are distributed across different network elements [MAGE97)[POLY981. 
The encapsulated service and network resource components reside on top of a DPE, which consists of 
DPE kernels, implemented in different heterogeneous computing environments (DPE nodes) and. 
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interconnected by a logical signalling network, known as the kernel Transport Network (7MV), which is 
designed to transfer information between different DPE nodes [NILS95]. The functionality of the DPE 
kernels is enhanced by generically defined DPE services (trading, notification, transaction, repository, confi- 
guration, security and performance monitoring service), which provide useful additional features to the basic 
DPE communication environment [HAMA97][KELL95]. The DPE services are described independently of 
the Native Computing and Communication Environment (NCCE), which supports the DPE by providing an 
abstraction of the computing and network hardware, the operating system and the communication protocol 
stack of the service nodes. Finally, the Transport Network (77V) models the underlying network and 
guarantees the handling of continuous audio and video streams for multimedia services [BERNOO][INOU98]. 
The TINA-C overall architecture encompasses basic design and modelling rules, which are applicable to a 
wi de range of services, and decomposes the complexity of the problem space into the following 
(sub)architectures [TIN95a]: 
Computing Architecture: It defines modelling concepts 12 for designing and building distributed service 
software and the DPE. It describes the service component properties, their interaction mechanisms, and 
how such components can be executed, administered, and supported in a DPE. This DPE resides in hete- 
rogeneous pieces of equipment and, by hiding the distribution of the components, makes them function as a 
single supportive system for telematic services [TIN94a](TIN94b][TIN95e][TIN96a][TIN96b][TIN98a]. 
Service Architecture: It provides a set of concepts and principles for service design, specification, 
provision, management, reuse, access, and usage. It uses the notion of session to offer a coherent view of 
the various events and relationships taking place during the provision of services [TIN94c][TIN95d] 
[TIN97a][TIN97e]. 
getwork Architecture: It describes a generic, technology independent model for setting up connections and 
managing telecommunications networks. It inherits concepts used in ITU-T and other standards bodies. It 
extends these concepts to integrate network control and management for different network technologies 
[TIN95c][TIN97c][TIN97d]. 
In TINA-C, the session concept has a central role [BER95b]. A session is defined as the temporary 
relationship among a group of objects that are assigned to collectively fulfil a task for a period of time 
[TRIG98]. A session has a state that may change during its lifetime and represents an abstract and 
simplified view of the management and usage of the involved objects and their shared information. Objects in 
a session are subject to common policies (specified in the management context) that govern the session 
[TIN97a]. Sessions can span multiple business administrative domains [GARC98]. However, since policies 
are only valid within a business administrative domain, it is useful to define a portion of the session that 
covers a single domain (the domain session). The scope of the session concept in TINA-C is depicted in 
" These concepts are based on the five viewpoints identified in the Reference Model for ODP (see Section 3.2.1. ). 
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Figure 2.5. In this figure a consumer is interacting with another consumer within a service session suppliqz! ýd 
by a retailer (e. g. during a videoconference service). It has to be noted that the business administrative 
domains participating in a service are able to take different session roles (user/party, provider, and peer role) 
when interacting with each other 13 (see also Section 4.6.2. ) [BER95c] [GARC98]. 
As can be seen in Figure 2.5., a TINA-C session can be: 
e An Access Session: It represents infonnation and functionality related to user / provider interactions fi0jr- 
choosing, starting, and maintaining a service. It is established when two Domain Access Sessions (D-AS) 
are bound together in a secure relationship (i. e. in a domain session binding). The D-AS is an abstract 
concept, which is further specialised, according to the different access session roles, into User Domaix, 
Access Session (UD. AS), Provider Domain Access Session (PD-AS), and Peer Domain Access Sessior, 
(PeerD-AS). 
eA Service Session: It represents information and functionality related to the ability of executing, 
controlling, and managing services. A service session is the single activation of a service 14 . It relates the 
users of a service together so that they can interact with each other and share various entities. The service 
session comprises a provider service session and usage service session(s): 
-Provider Service Session (PSS): It represents the core service logic and any additional provider 
information / logic necessary to execute service requests and maintain the session for the one or more 
domains participating in the service in one role or another. It contains the service capabilities common to 
multiple members of the service session. 
13 In TINA-C, service provisioning between two actors is based on the user-provider paradigm. According to this 
paradigm, an actor in the user role will use a service provided by another actor in the provider role. To support the 
paradigm, two basic concepts are defined in TINA-C; the user domain and the provider domain [INOU991. 
14 A service session cannot exist without the access session of the party holding the ownership of the service session. 
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- Usage Service Session (USS): It represents the participation of other domains in the PSS (it is their view 
of the service), and therefore reflects an across domain relationship between two Domain USSs 
(ELUSS). The D-USSs are specialised according to the role of the participating domains within the 
USS. Specialisations are the User Domain USS (UD-ýUSS), the Provider Domain USS (PDý-USS), the 
Peer Domain USS (PeerD-USS), and the Composer Domain USS (Compl)ý-USS). 
A Communication Session: It represents an abstract, service view of stream connections and network 
technology. In general, it handles connectivity provider interactions for a service session by managing the 
communication resources required to establish end to end connections. 
The purpose of the session concept is to separate different concerns of service usage and to promote the 
distribution of service functionality [VEN1001. 'Me separation of the access session and the service session 
allows the access methods and technology to vary for different users and the location of users accessing a 
servi , ce to change [MAGE97]. The separation of the PSS and the USS within the service session enables the 
distribution of the service logic. Finally, the separation of the access session and the service session from the 
communication session corresponds to the separation between call and connection (and hence between call 
control and connection control) [PAV096]. 
In accordance with the supported session types, the TINA-C service architecture introduces a set of 
generic software components for the realisation of telecommunications services (service components), which 
can provide access session, service session, and communication session related functionality constituting in 
that way a framework for segmenting the overall functionality of TINA-C services [MAGE97][YAG195]. 
The TINA-C service components are high level abstractions 15, structured in a uniform manner according to 
the Universal Service Component Model (USCM) 16 [BER95b][YAGI95]. They can be decomposed into 
(interacting) Computational Objects (COs) and / or Computational Object Groups (COGs) [TIN96b]. COs 
are defined as -a unit of distribution over DPE nodes and thus all the functionality of a CO has to be 
supported by a single DPE node. COGs are not defined as a unit of distribution, but only in terms of their 
internal COs and COGs. It has to be stressed that it is up to the designer of a TINA-C service to decide 
precisely how each service component is decomposed into COs and COGs. The TINA-C service architecture 
does not place any restrictions on how the service components are decomposed and deployed, and it does not 
define their internal structure [INOU99][PROZ97]. However, in practice COs are usually defined at 
different levels of abstraction, and are decomposed and distributed over multiple DPE nodes (if necessary) 
[DEME99][POLY98]. Thus, for reasons of simplicity and ambiguity avoidance, in this thesis it is assumed 
that a service component corresponds to a CO and the two terms are used interchangeably. 
Service components are defined in the computational viewpoint and therefore their definition is a computational 
specification [MERC97]. 
16 The USCM defines four parts in every component: core, usage, management and substance. Therefore, it extends 
the computational modelling concepts by allowing the grouping of objects that have a common purpose, and also 
provides guidelines on how to define (semantically) complete and manageable objects [TIN97e]. 
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The main generic service components 17 defined by the TINA-C service architecture, with the objective t6 
provide a framework offering a set of generic functionality (a kind of a generic "construction kit") for the 
realisation of TINA-based telecommunications services in a stakeholder independen% service independent and 
interoperable way [ECKE97], are listed in Table 2.3. It has to be noted that when developing telecomrnuniý 
cations services using the generic TINA-C service components, service developers (almost) always want to 
include additional functionality or customise the already existing functionality, in order to provide some 
competitive added value for their service. This can be achieved by deriving new service components frorn 
existing ones using specialisation and / or composition (see also Section 6.3.1. ) [TIN97a] [YAG195]. 
Abbreviation TINA-C Service Components Main Functionality Domain Role Session Type 
as-UAP access session User APplication It models / represents a variety of applications & programs user access 
in the user domain. 
PA Provider Agent It is the usees end-point ofan access session. user access 
IA Initial Agent It is the initial access point to a domain. provider, peer access 
UA User Agent It represents a user in the provider domain. provider access 
namedUA named User Agent It is a spocialisation of the UA for a user that is an end-user provider access 
or a subscriber of the provider. 
anonUA anonymous User Agent It is a specialisation of the UA for users did do not wish to provider access 
disclose their identity to the provider. 
PeerA Peer Agent It represents a peer in another domain. peer access 
ss-UAP service session User APplication It enables a user to make use of die capabilities ofa service party service 
session, through an appropriate user interface. 
SF Service Factory It creates the service session components for a service type provider, peer semce 
and controls their life-cycle according to requests from UAa. 
USM User service Session Manager It represents and holds the context of a party or resource in provider service 
a service session. 
SSM Service Session Manager It supports service capabilities that are shared among users provider service 
in a service session. 
COMPUSM Composer Usage Session Manager It supports composition of service sessions. party service 
PeerUSM Peer Usage Session Manager It supports peer to peer relationships between service peer service 
sessions in different domains. 
CSM Communication Session Manager It provides the appropriate connectivity fitrictionality to the provider communication 
SSM and manages application-level, end-to-end bindings 
between stream interfaces (strearn flow connections). 
TCSM Terminal It interacts with the CSM to realise application's requests user communication 
Communication Session Manager for network connections. 
TabIe 2.3.: The main service components that are proposed by the TINA-C Service Architecture. 
Due to the nature of the research work presented in this thesis, this section emphasises the TINA-C 
service architecture, which provides the basis for the realisation of future multimedia multi-party telecom- 
munications services. A more complete "picture" of TINA-C can be formed and a better understanding of it 
can be achieved by considering the related service engineering literature, which (beside the official TTNA-C 
documents) addresses all the important aspects of TINA-C in considerable detail: the computing architecture 
[MERC97][WAKA94], the proposed structure of the DPE [DANG96][KELL95], the, service architepture 
[BERN94][BER95b][GARC98][YAG195], the management approach followed [BER95c][DELA94]. 
[HAMA97][PAV096], and the network architecture [BLOE95][LENG96] 
17 It is stressed that only the most important COs that are relevant to this research work are mentioned. 
TINA-C 
defmes many more COs addressing a variety of aspects (e. g. accounting management, subscription, etc. ) [TIN9ýa]. 
18 The references that are given are indicative and not exhaustive. 
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Furthermore, [BARR93] [BERNOO] [CHAP95] [INOU98] [INOU99] [MAGE97] [NILS95] [PROZ97] 
provide an overview of TINA-C at different time periods and thus they reflect its progress through time. 
From their examination is evident that the important architectural parts of TINA-C were delivered by the end 
of 1997, when its first phase was completed. During this first phase, the European Union (EU) supported 
several TINA-related research projects (TINA auxiliary projects) through the ACTS program (e. g. 
DOLMEN, REFORM, ReTINA, SCREEN, TOSCA, VITAL), which resulted in research output that has 
been widely acknowledged as a valuable contribution to TINA-C, as it influenced significantly its refinement 
in certain areas (through conceptual extensions and specification enhancements) and its solidness (through 
validation experiments) [BERNOO]. The feasibility of key architectural concepts and relevant component 
specifications were proven by international trials (The TINA Trial - TTT - project) in the 1996 - 1998 
period. The second phase of TINA-C started in 1998 with the ob ective to facilitate the market-driven j 
adoption of TINA-C by focusing on the provision of detailed component specifications and their 
implementation, aiming at selected business cases. In this contextý nine TINA-C technical workgroups and 
one special interest group have been formed, creating specifications on a variety of matters, by following a 
Request for Proposal (RfP) process that favours proposals of practical value, characterised by the 
availability of prototypes, pre-products or products [BERNOO][INOU99]. 
F. ollowing this evoiution path, TINA-C has reached a mature state and TINA-C products gradually 
appear in the marketý enforcing the value, the importance, and the influence of TINA-C, which will continue 
to progress at a steady pace [MOTA99]. 
In the future, more sophisticated services breaking away from the simple call model (e. g. multimedia, 
multi-party conferencing) will need to be rapidly and efficiently introduced, deployed, operated, and 
managed. TINA-C makes this possible, by capitalising on the latest advances in computer and 
tele communications technologies to rationalise the organisation of complex software for services and 
network management. For this reason, it prepares the emerging global, multi-supplier, multi-operator 
telecommunications sector and promises to make the future open information market a reality. 
Z5.3. Comparing OSA and TINA-C. 
Both OSA and TINA-C have been influenced by the previous RACE project ROSA (RACE Open Services 
Archit ecture). ROSA aimed to define an architecture for the specification, design, construction and imple- 
mentation of a broad range of service types, including conventional telephony and advanced information 
services, based on object orientation and advanced distributed processing techniques [HALL93][OSH192]. 
In addition to a similar ancestry, OSA and TINA-C share also a common service concept. In both of them, 
services are considered as software-based applications that operate on a DPE that enables inter-actions 
between distributed objects, which collectively realise a specific telecommunications service WGE97]. 
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Driven by similar objectives, both architectural fi-amework share some fundamental modelling and 
separation principles, which assist service development and ensure the identification of correct problem 
domain structures increasing the possibility of reuse. Therefore, these principles are followed as guides and 
views are provided on how they are reflected in OSA and TINA-C [ADA98d][BER95a][CHAP95]. 
Mission oriented and ýýstem indeU2endent modelling ofservices 
Services can be modelled from a user / customer perspective (mission oriented) and be independent of any 
system in which they will be provided. In OSA this principle is reflected in the OSA-component which is 
structured into mission and ancillary facets. Additionally, to achieve system independent modelling, OSA 
decouples service and system concerns by the division into OSAApp and OSAsys, and contains in OSAýpp 
system independent abstractions of resources. In TINA-C this principle is interpreted in two ways. Firstly, 
TINA-C specifies the control of the execution of services but does not restrict the functionality of the service 
logic. Secondly, abstractions of the resource and computing infrastructures are defined, which provide 
technology independent interfaces on which services can be built. 
Coherent desizn of manazement and control 
Control and management should not be taken as separate tasks in the service design, but have to be 
integrated to ensure the design of manageable services. In OSA there is no difference in how control and 
management services are modelled- OSA contains no specific support for designing management 
applications, but facilitates (e. g. through ancillary facets in OSA-components) services to be designed such 
that they are manageable. In TINA-C control and management are treated in a consistent way as there isn't a 
syntactic distinction between management and control operations. The interfaces offered by objects in a 
TINA-C system are defined in the same way, irrespective of whether the interface will be. used for 
management or control. Furthermore, management services should be designed according to the TINA-C 
service architecture and offered by encapsulating them into service sessions [DELA94]. 
Service nesting for de Linition and provision ofnew services 
Specifications of services are made in a general context, with the view that its users may be other services, 
not necessarily humans, and its resources may be other services as well. In OSA nesting is decomposed into 
two separated (although linked) sets of problems: the definition of services based on the definition of other 
services, and the provision of services through reuse and combination of other services. Concepts and rules 
in. OSAApp intend to promote reusability of designed services. To support nesting of services during 
provisioning, any new deployed servýce becomes part of the service machine and can be reused by other 
services. In TINA-C the execution of a service is accomplished by the creation and control of a service 
session via user agents. In principle, it is possible for two service sessions to interact with one another, 
where one service session acts like a user, agent. 
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Customisation and personalisation ofservices 
Users and customers must be able to set their preferences for the use of a specific service. OSA has no 
predefined set of services and assumes that customisation is the rule and not an exception. It contains the 
concept of service configurations, which through use of guidelines, can be easily combined and configured 
according to the needs of individual users or particular groups of users. Like OSA, TINA-C has no prede- 
fined set of services either. It provides a consistent deployment and subscription architecture, but leaves 
several opportunities for customisation and personalisation (e. g. in user agents and in usage service sessions). 
Separation of media services from their control and managemen 
Services for information generation, transpoM transformation, and presentation (media services) 
differentiate from services controlling, coordinating, and managing media handling resources (media control 
services). Efficiency is the focus in the former case, while flexibility is the focus in the latter case. This 
separation is directly reflected in the telecommunications service domain of OSAApp, where media services 
and media control services are seen as separate domains. OSA does not aim to give support for engineering 
of the media services. In TINA-C end-user applications exchange multimedia information through the use of 
streams. During a service session, when streams are needed, a CSM provides a service-oriented abstraction 
of connections in the transport network (communication session). 
LeRaration of local from global =ects ofservices 
The users of a service have, as part of their contract with the service provider, a local view of the service. 
On the other hand, the service provider is necessarily has a global view of the service in order to mediate and 
coordinate the users effectively. In OSA this separation is reflected in the use of local and global sessions. In 
this way, a user necessarily has only a local view of the services which participates. In TINA-C local aspects 
are separated from global aspects in two cases. Firstly, in subscription applications, it is possible to define 
nestings of groups of people where capabilities are defined by the containing group, and subgroups can 
extend or refme the capabilities. Secondly, an executing service will comprise a provider service session and 
at least one usage service session (see also Section 2.5.2. ). 
Separation of local resource handling from global resource coordination 
The provision of services to users requires the allocation, coordination, and use of resources. A separation 
between handling of local resources (e. g. links and switching devices), and coordination of global network 
resources (e. g. connections), need to be made. Network resources in OSA are considered as part of the 
network infrastructure. The services of these resources are provided within an OSA system via resource 
components. Consequently, local resource handling is regarded as a task of the resource infrastructure, while 
g lobal resource coordination is handled by the media service control services (e. g. connection management 
s. ervices). In TINA-C streams between terminal COs are established by communication sessions, via service 
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sessions upon the request from the SSM. Therefore, terminals are responsible for their own internal resource 
management of ports (or sockets) and bindings, and connection management is responsible for the 
management of network resources. 
SeTaration ofservice access firom the service core 
Users should be able to use different access arrangements, at different locations, to access a service, and 
access many services using the same access arrangements. In OSA access services and guidelines for their 
support belong to the enterprise support domain of OSAApp. An access service is used during an access 
session, to ensure that a user (user agent) has access to a set of OSA services in a providing context.. For this 
reason, access services use user profiles, which are sets of user specific information (e. g. user authentication 
information). In TINA-C user access is distinguished from tem3inal access. A user agent represents and acts 
on behalf of a user. It receives requests from users to establish service sessions, or to join existing service 
sessions. A terminal agent is responsible for representing a terminal. To access a service, users must 
associate their user agents with terminal agents. 
Separation between oplication Isession oriented and resource/ communication oriented problems 
The application oriented problems are related to the support of users and applications in their use of 
communication services. The resource oriented problems are related to allocation, monitoring, and manage- 
ment of communication resources. In OSA (specifically OSAApp) application support services (supporting 
the modelling of session control and mobility) are separated from the connectivity and communication 
problems supported by the domains of media services and media services control services. In TINA-C this 
separation is incorporated in the differentiation between service sessions and communication sessions. 
Z5.4. Evaluation and Concluding Remarks. 
From Section 2.5.3. is evident that OSA and TINA-C have many similarities and present a surprising 
commonality in the technical approach that they follow. They both have in common a service driven 
approach, as opposed to being driven by network and resource technology, the separation of service design 
and system / DPE design, integrating management and management systems with services and resource 
infrastructures, and applying object orientation and ODP principles. However, OSA and TINA-C have some 
important differences in scope, which lead to different ways to express their architectures. 
More specifically, OSA is emphasising requirements engineering, while TINA-C has the explicit goal of. 
leading to a software architecture, and thus addresses software engineering issues. As a consequence, TINA-C 
is much more focused on computational issues, while OSA is more oriented towards problem decomposition_ 
on a more conceptual level. There are no major inconsistencies between the architectures. A service modelled 
using the OSA framework can probably be implemented using the TINA-C architecture, and similarly a 
TINA-C service would not violate the main rules of OSA [RAC95a]rM97a]. 
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However, it must be noted that OSA was developed and examined in a number of RACE projects (e. g. 
ROSA, CASSIOPEIA, DRAGON) which have ended a long time ago. Current EU research projects do not 
address OSA directly. On the other hand, as was explained in Section 2.5.2., TINA-C is now a mature 
architectural framework with significant momentum, which incorporates most of the important findings of 
OSA. Therefore, taking into account the ongoing TINA-C related activity and the similarities and compati- 
bility between OSA and TINA-C, the architectural framework of TINA-C is selected as the most suitable 
service support environtnent for the proposed telecommunications service engineering framework of Figure 
1.1. Regarding the two main constituent parts of the service support environment (see also Section 1.4. ), the 
service engineering principles are specified by the TINA-C service architecture and the service execution 
environment (which is examined in Chapter 3) is influenced by the TINA-C approach pertaining the DPE. 
TINA-C enables the service support environment (depicted in Figure LL) to satisfy Requirements 2,3, 
5,6,8,9,10,11,12,13,14,15, and 16 (see Section 1.3. ). More specifically, as can be deduced by the 
careful examination of the official TINA-C documents, the related literature and Section 2.5.2., TINA-C 
provides an architectural framework that exhibits the following distinctive features: 
oCombination of a collection of new computing technologies and application of them coherently to a 
complete set of architectural principles for telematic services. Thus, it satisfies Requirements 2 and 12. 
*Separation of service delivery from network transport in order to facilitate the rapid introduction of 
services. Thus, it satisfies Requirements 3 and 15. 
Support of new services with a special focus on services with multi-party and multimedia features. Thus, it 
satisfies Requirement 5. 
Inherent mobility support and capability to quickly incorporate advanced communication concepts. Thus, 
it satisfies Requirement 6. 
Flexibility against regulations by defining reference points according to market driven business roles. 
Thus, it satisfies Requirements 5 and 6. 
" Openness, with the consequence of supporting interfaces that have clearly defined and accurate semantics. 
Thus, it satisfies Requirements 8,11,12,13,14, and 15. 
" Reusab ility'of service specifications and service software. Tbus, it satisfies Requirement 9. 
" Uniform support of any kind of management functionality, which is viewed simply as another kind of 
service. Thus, it satisfies Requirement 10. 
" Support for the distribution of the service logic among several service provider domains. Thus, it satisfies 
Requirements 11 and 13. 
" Network technology independence (evolvability). Thus, it satisfies Requirement 15. 
" Support for gradual evolution and co-existence of the new (service, system) with the present. Thus, it 
satisfies Requirement 16. 
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-The choice of TINA-C as the service support environment of Figure I. I. was based on its maturity, the 
commitment for its ongoing development and improvement, the gmdual appeamnce of TINA-C products, 
and the undeniable advantages of its architectuml framework. However, in order to fully justify such a 
choice the perspectives of TINA-C to significantly penetmte the telecommunications environment should be 
considered in a realistic manner, taking into account the (technical and economic) implications that are 
created by the proliferation and strong presence of other (widely accepted) related technologies (IN, TMN, - 
the Internet, mobile communications). 
Therefore, smooth migration and interworking scenarios have to be devised and carefully examined. 
Whereas migration is related to the gradual introduction of TINA-C concepts in current telecommunications 
networks, interworking is related to the cooperation between TINA-C conformant and conventiopal systems 
by means of particular adaptation or interworking units. Migration has to be considered because there are a 
lot of existing legacy systems in the telecommunications industry for which considerable investments have 
been made by the telecommunications network operators. Consequently, the success of TINA-C depends 
largely on well investigated migration scenarios which are based on slowly expanding islands of TINA-C 
conformity. The result of migration is a full TINA-C compliant network. However, as long as this goal is not 
met, interworking between legacy and TINA-C systems (at different levels of abstraction) will be necessary. 
Since TINA-C is a solution for the middle and long term, interworking is expected to be required for a long 
time [ELTR97a][REYN98][VENI98][VENIOO]. 
TINA-C has much in common with IN, in both its principles and its operational concepts, with regard to 
call control and service creation [MAGE96][VENIOO]. Furthermore, TINA-C shares with TMN a 
distributed style of management and has inherited and adopted TMN concepts in its network resource view 
and connection management [GRIF97][TIN97d]. As CORBA-based TMN systems [AIDA98][PAVL971 are 
expected to be dominant in the future, TINA-C and TMN will share a common design more and more. 
Hence, in both contexts, TINA-C can be considered as an adequate evolution. 
- Scenarios detailing the migration from current networks to TINA-C, as well as the interworking of those 
technologies, have been fairly extensively studied [BROW94][ELJR96a][EUR98a][EUR99a][HAUW981 
[HERZ97][REYN98]. The overall conclusion of these considerations is that the migration towards TINA-C 
from IN and TMN is indeed possible and feasible, even if it may not be an easy task. The basic strategy they 
suggest to follow is to utilise existing components as long as they can sufficiently substitute for the generic 
TINA-C components. Therefore, the optimum evolution path follows a step by step approach while 
capitalising as much as possible (and for as long as possible) on already deployed equipment and software 
[MAGE96][VENI98]. This will avoid network instability problems, revenue loss, and customer complaints. 
As was mentioned in Section I. I., the exponential growth of the Internet and its proven scalability, 
positions the Internet Protocol (IP) in the centre of any future (global) communications network. Due to this 
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fact, much of the transport technologies envisioned by TINA-C, namely the TN and some portion of the 
HN, is expected to be predominantly IP-based, in the not so distant future. Therefore, if TINA-C is to be 
widely adopted in the near to medium term it must be able to accommodate current and evolving protocol 
based communication control mechanisms, and in particular (QoS-aware) IP networks [LEW198]. This 
necessity is reinforced when considering that the interworking between the PSTN and the Internet is already 
being attempted through the WebIN architecture [LOW97] that fits into the PINT reference model [MS97] 
and that the Internet is emerging as a competing medium transport infi-astructure to the legacy PSTN 
through the introduction of IP telephony [HASSOO]. 
The Internet is quite distant from the TINA-C architecture, because in TINA-C the network model is 
fundamentally connection-oriented, as opposed to the best-effort, connectionless datagram model of IP 
protocols. On the one hand, Internet is a threat to TINA-C, because broadband networks are not spreading 
as fast as was forecast, and interactive multimedia services are provided by the Internet in an easy and cost 
effective way, regardless of the unpredictable performance degradation (in terms of QoS and service 
availability). This fact will become less important considering the new IPv6 protocol and the Integrated 
Services architecture with the RSVP signalling protocol [RUTK99] which will guarantee a certain QoS. On 
the other hand, TINA-C could learn from the Internet experience because many Internet technologies could 
be used to support TINA concepts (e. g. the use of Java for building distributed applications, or the concept 
of the network computer) [VEN198]. 
in general, there is evidence that a synergy between TINA-C and the Internet is feasible [CANA99] 
[DEZE97][GEIH98][LEW198][LICC97][SMITr97]. More specifically, it seems possible that despite their 
fun6mental architectural differences, certain parts of TINA-C can be applied successfully in the Internet in 
the near term and add control and management value on top of the Internet. In particular, TINA-C access 
and service session concepts, together with other features of the TINA-C service architecture, can be the 
enabling factor for integrating IP-based services with traditional telecommunications services [HUBA99]. 
Finally, because of the increasing demand for universal connectivity, mobile communications are becoming 
fundamental attributes of future telecommunication systems. With the promising business opportunities of 
universal personal communications services, it has been recognised that mobility functions should be fully 
supported by programmable intelligent service infrastructures like TINA-C [DAOU98][TRIG98]. 
This would require a modification of the TINA-C architecture [TIR098]. Such an effort has already been 
undertaken by several EU research projects. Among them, DOLMEN provided a number of TINA-C 
extensions in the area of mobility, validated these extensions through an international field trial, and 
highlighted a number of important open issues that will be the target of Rwher research in this area 
[TRIG98]. For this reason, it is envisaged that TINA-C will provide universal programmable connectivity 
between mobile users supporting a variety of mobile services (cordless, cellular, paging, mobile satellite) in 
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the fi-amework of the Universal Broadband Mobile Telecommunication System (UBMTS) that will emerge 
as the result of the activities pertaining the fourth generation of mobile systems [DAOU98]. In this way fixed 
and mobile networks will eventually converge enabling the realisation of a Virtual Home Environmerit 
(VHE) [TORA98]. In this environment, the clear distinction between fixed and mobile networks, as well as 
services, is fading out through increased similarities of network functions in both network types, representirig 
an opportunity to provide significant user benefits in the performance and availability of services without 
regard to how the service is accessed [HARR99]. 
Because of the flexibility of TINA-C in adapting and incorporating new and existing approaches and 
technologies, and because of its wide scope, the choice of TINA-C as the service support envirorunent of 
Figure LL is fully justified. Furthermore, TINA-C can be considered as a valuable complement to G11 
activities. It provides an architectural underpinning for the GII, as it is directed to the provisioning of any 
kind of services, running on a global scale, on different network technologies, allowing the combination of 
any kind of media and any Idnd of connectivity, and facilitating third-party connection set-up and 
broadcasting as well as multiparty involvement. 
2.6. Service Creation Environments. 
The architectural framework of TINA-C, that was selected as the service support environment of the 
proposed telecommunications service engineering framework of Figure I. I., provides a rich set of concepts, 
guidelines, and practices for the creation of telecommunications services, especially through its service 
architecture (see Section 2.5.2. ). However, the application of these service engineering principles for the 
development of specific telematic services is not an easy task, as TINA-C does not provide any additional 
support for this purpose in the form of a suitable methodology or a Service Creation Environment (SCE). 
For this reason, the proposed telecommunications service engineering fiamework, contains both a service 
development methodology and a SCE, as two of its main constituent parts (see also Section 1.4. ) recognising 
their importance when performing service engineering activities. The rest of this section will focus on the 
SCE, attempting to identify its main characteristics, examine important related approaches, highlight its 
relation with the service development methodology (which is examined in Chapter 4), and reason about its 
role and purpose in the proposed telecommunications service engineering fi-amework. 
The importance of SCEs, combined with an appropriate service development methodology, is constantly 
increasing because, in the deregulated and highly competitive telecommunications market, the success of 
service providers is determined by the efficiency with which services are developed [DEME99][MUDH961 
[POLY98]. Therefore, there is a need to capture accurately the customer demands, and create and introduce 
rapidly the pertinent services, in a way that they retain certain desired quality characteristics despite their 
sophistication [CONC97]. A SCE should support the service developer in addressing these requirements. . 
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Despite their significance, SCEs are not perceived in the same manner by all service developers. The term 
SCE is rather abstract and is defined / interpreted in various ways by different people [PONT94]. However, 
what is undeniable (by simply considering its name) is that service creation activities fall into the scope of a 
SCE [KOSM97]. Service creation is the first stage of the service life-cycle (see Figure 4.1. ) [BERN94], 
refers to the transformation of the often vague and imprecise requirements for a new service into code that 
implements the required service, and includes all the activities that are necessary in order to create a new 
service, either from other existing services / components or starting anew [CAPE95][MUDH94]. 
In this context, and taking into account that the service creation process should be supported by a suitable 
methodology, a SCE is considered as a logical framework incorporating a collection of appropriate, 
carefully designed and tested, customisable, and user-friendly software tools (together with a reuse 
infrastructure) that are used according to the service development methodology with the aim to assist the 
service developer(s) when applying the methodology by automating and simplifying as much as possible the 
service creation process, and by facilitating consistency and verification checks. This definition of a SCE is 
used throughout this thesis and emphasises that a SCE is actually a development environment aiming to 
support (in the most general case) teams of service developers working towards a common goal (the 
development of a specific telematic service) using shared information and a number of software tools. 
According to this definition, a SCE is in close cooperation with the service development methodology. 
Additionally, the SCE definition reveals that the two most important constituent parts of a SCE are: 
A set of software tools ranging from GUI-driven rapid prototyping tools and high level (specification) 
languages for the design of the service logic to powerful code generators for translating the high level 
design into the corresponding service code. For this purpose, various existing software technologies and 
tools can be used, depending on their commercial availability, their compatibility, and their ability to 
interact in an integrated manner [DEME98][DEME99][RAC95c]. 
A reuse infrastructure supporting reuse at different levels of abstraction using appropriate notation and 
modelling constructs, and possibly code written in a certain programming language. This infrastructure 
includes mainly a service component library that provides reusable service components, which can be used 
for the construction of telematic services (see Section 4.10.2. ) [POLY98][RAC95b]. For structuring a serv- 
ice component library and starting to developing it, the information and computational modelling concepts 
and guidelines of an architectural framework for services (like OSA and TINA-C) should be considered. 
The value of a SCE is increased as it is used for supporting the development of a variety of services. 
During this process, needs regarding software tools are identified and possibly satisfied, the service 
component library is enriched with new service components, and service developers gain important related 
experience [PONT94]. The result is a more advanced SCE with improved effectiveness. However, the 
success of a SCE depends also on more abstract factors. More specifically, since a SCE is used by service 
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developers working in an organisation / enterprise (e. g. a service provider), it is influenced by the culture and 
general philosophy of the organisation regarding service development and the related technologies. It is alscý 
subject to the limitations of the organisation in terms of tool and personnel support [KOSM97]. - 
Although the definition of a SCE is relatively simple and clear, constructing an' effective, SCE is a 
challenging task. For this reason, considerable research effort is being devoted to the development of SCEs 
and the examination of their structure [ACT97a][ACT99a][DEME98][DEME99][ELJR94A][POLY98] 
[RAC95d][RACE96]. The main related attempts will be briefly presented in a critical manner in the 
following paragraphs, in order to facilitate the reasoning about the purpose and the structure of the SCE 
included in the proposed telecommunications service engineering framework of Figure 1.1. 
SCEs initially appeared in conjunction with the technology of IN. Legacy IN systems usually 
encompassed powerful SCEs, where the service designer had only to select icons (representing predefined 
primitive components that rarely corresponded to standardised SIBs), interconnect them to each other, and 
fill-in some dialogue-based forms to parameterise them. This procedure was an easy one and the work of the 
service designer was simplified. However, these systems were closed, not able to seamlessly embed user- 
written code in order to enhance the functionality of the services. Hence, the creation of more complex 
services was tricky and demanding [VENIOO]. With the progress of IN standardisation this problem was 
largely overcome and SCEs were introduced enabling the quick customisation or creation of IN services out 
of predefined open components (SlBs) [CONC97]. Thus, the existing comm ially available SCEs speed 
up the design of the IN service logic (even in the case of complex services), but the whole process is still 
relatively long. This is mainly due to the very limited support for specification, validation, and testing 
(especially early in the development process) provided by the current SCEs. Tberefore, there is a need for 
adequate support by appropriate software tools [KIM99b]. 
The functionality and role of SCEs regarding the technology of IN was significantly extended by the 
Eurescom project P103 "Evolution of the Intelligent Networle' [EUR94a][MUDH96]. The SCE that was 
developed by this project [EUR94c] was accompanied by a service creation process [EUR94b], which 
combined the Object Oriented Role Analysis Method (OORAM) [REEN92], Message Sequence Charts 
(MSCs) [ITU92c], and the Specification and Description Language (SDL) [ITU95fl. it contained several 
role models '9 (which are units of modularity in OORAM) for the various service creation activities, without 
restricting the way they may be combined, and a "service constituent storage", storing service constituents at 
various abstraction levels for reuse purposes and allowing their easy retrieval and maintenance 
[CAPE95][MUDH94]. Rather than defining a new storage model, it has been decided to adapt an existing 
model developed within the RACE project SCORE [RAC95b] (see below). 
19 A role model is made up of a set of interacting objects [MUDH96]. 
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In parallel with project P103, research regarding SCEs was also taken place in the context of the OSA 
architectural framework by the RACE project SCORE (Service Creation in an Object-oriented Reuse 
Environment) 20. SCORE developed a service creation process model, which is generic, as it specifies roles, 
activities and associated tools, but it does not specify a particular process or temporal interconnection 
[RAC94a]. This is left to be done by the enterprise developing and deploying services according to its 
specific needs [TRIG95]. SCORE adopts a very broad view of what an SCE is [RAC95d], and after 
identifying the most important requirements that should be met by SCEs [HALL94], considers the service 
creation process model as a generic SCE [PONT94]. Thus, a particular SCE (dedicated SCE) is an 
instantiation of the service creation process model, in which the particular tools and methods appropriate to 
the type of service being created, and to the enterprise doing the creation, are brought together 21 
[PONT94][MCE96]. Furthermore, SCORE developed a component model, which can be used as a 
standard template for a repository of reusable service components designed according to possibly different 
architectural approaches and targeted to possibly different service execution environments [RAC95b]. 
- Finally, most recently, SCEs were examined in alignment with the architectural framework of TINA-C by 
the ACTS projects SCREEN (Service CReation Engineering ENvironment) [ACT99a] and TOSCA (rINA 
Open Service Creation Architecture) [ACT97a]. More specifically, the main objective of SCREEN was to 
consolidate and extend existing and emerging technologies in order to produce a seamless tool-supported 
approach to component based service creation [POLY98]. Therefore, it developed an open, multi-vendor 
SCE, which consists of service logic development tools that provide the necessary means (software 
technologies) for the design, specification and implementation of the service logic, a service component 
library that promotes and facilitates the reuse of service components, and QoS related facilities that enable 
cost-effective service provision at the appropriate quality levels. The operation of this SCE is supported by a 
service creation practice structured according to a number of phases (requirements gathering and analysis, 
service analysis, service design, validation and simulation, and DPE targeting) [ACT98a][DEME99]. 
, TOSC, 4 was primarily focused on the development of a SCE capable of supporting the rapid (automatic) 
creation and validation of telecommunications services in an effective manner. The TOSCA approach 
assumes that for a certain class of service, a flexible and reliable object-oriented software framework based 
on TINA-C principles is developed [LODG99]. A framework is a set of service components that can be used 
to build a large number of standard and customised services (see also Section 5.3. ). It may be specialised 
through inheritance and / or delegation to acquire service-specific behaviour and represent the logic of a 
particular service. Framework specialisation is carried out through the use of a paradigm tool. This is a 
graphical CASE (Computer-Aided Software Engineering) tool that allows the service designers to specify 
20 SCORE had a strong relation with the RACE project BOOST (Broadband Object-Oriented Service Technology) 
21 
[RACE96], and thus part of the SCE research took place in both these projects. 
The mechanism chosen for the integration of particular sets of tools was TcLTk [RAC94b]. 
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the behaviour of a service at an abstract level, and then automatically creates the new service by 
appropriately customising a framework with the specific service behaviour [KIMB99]. Thus, the TOSCA 
SCE consists of a framework and a corresponding paradigm tool supplemented with service validation tools 
[ACT97a][SINN98]. Recognising the fact that the development of frameworks is a considerably more 
complex task than the development of services, TOSCA has also developed a process architecture for the 
development and use of frameworks in service creation [ACT98b][LODG99]. 
The SCREEN and TOSCA approaches to SCEs are complementary [ACT98c][LODG99]. Taking into 
account that the resources required to develop a ftainework are far greater than the resources required to 
create one of the services in the class covered by the framework, the SCREEN approach should be used for 
the initial development of new types of services. Then, if there is a high confidence level that there will be a 
need for similar services at some point in the future, an object-oriented framework should be developed 22 
(using components from the original service) to facilitate the creation of a class of similar services using the 
TOSCA approach. 
A detailed comparison between different existing SCEs that are applicable to TINA-C is not attempted, 
because it is argued that every SCE can be sufficient and effective in a certain service development context. 
Thus, the importance of supporting efficiently the entire service creation process is highlighted, because the 
characteristics of a specific service development methodology determine the kind of support that the service 
develOPer(s) expect from an SCE and thus (should) affect significantly its structure and its constituent parts. 
In'this context, the success of a SCE is measured against its ability to facilitate the service deveIoper(s) 
when applying each of the phases of a particular service development methodology, and is determined by the 
quality and the effectiveness of the corresponding methodology. 
The construction and use of an SCE, without having a specific service development methodology in mind, 
is not suggested, because it cannot offer any kind of guarantee regarding the result of the service creation 
process. Only an experienced service developer will manage to design and implement a successful telematic 
service (i. e. according to user requirements), without any methodological support and only the use of a SCE 
and some abstract guidelines. Furthermore, his / her attempt will require an undefined and impossible to 
predict amount of time and will involve a significant amount of ad hoc decisions on a variety of matters, 
preventing in that way any kind of project management activity (including the possible cooperation with 
other developers) and seriously jeopardising the maintainability of the service. Finally, there is always the 
danger of a service developer who, mislead by the capabilities of the (software tools of the) SCE, proceeds to 
activities which either destroys his / her focus on the real service development problems, or directs his / her 
interest away from considering the real user requirements, with obvious negative effects on both the service 
creation process and on the resultant telematic service. 
22 Possibly using a variant of the SCREEN service creation practice [KIMB99]. 
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ý An intermediate approach is followed by the SCREEN project, which recognises the importance of 
specifying a service creation methodology when developing and using an SCE. Thus, SCREEN provides (a 
kind of) a methodology addressing service creation matters. However, this methodology is abstract. It has a 
I rather, obvious; structure, which is not elaborated, and acts more like a loosely-coupled framework for fitting 
in several concepts, practices and technologies. Thus, SCREEN fails to provide sufficient methodological 
support regarding the service creation process (see also Section 4.2. ) and thus the use of the SCE that it 
prescribes does not deliver the anticipated benefits for reasons already explained previously. 
The same remark applies also to the TOSCA approach, which although it has a much wider scope than 
SCREEN, it does not specify a service development methodology. Furthermore, TOSCA underestimates the 
need for such a methodology by adopting a paradigm based approach to service creation and a navigation 
and parameterisation approach to service customisation [ACT97a]. However, composing telecommunica- 
tions services from reusable service components without the support of an appropriate service creation 
methodology has important drawbacks (see also Section 4.2. ). Additionally, in the case of the TOSCA 
paradigm based approach, each TOSCA SCE only allows the service developer to create services within 
some specific set of possible services (the class of services covered by the framework). This set may be large 
but it is inevitably restricted by both the functionality of the framework and the nature of the paradigm 
chosen. Similar limitations exist also in the case of navigation and parameterisation, as the service type 
required must be already available if the service developer is to be able to select it. Therefore, for the 
creation of any arbitrary service a process of software development in the form of a service creation 
methodology must be followed. I 
In order to avoid the possible negative implications of using an SCE without adequate methodological 
support, one of. the main objectives of this thesis is to propose and present a service development 
methodology (see Section 1.4. and Chapter 4). This methodology has a central position and role in the 
proposed telecommunications engineering ftamework of Figure LL, and specifies in a systematic and 
structured manner the entire service creation process. Therefore, the purpose of the SCE in this framework is 
to increase the applicability of the service development methodology, by efficiently facilitating the service 
developer(s), and not to substitute it. For this reason, the SCE is proposed to be constructed (or customised) 
by the service developer(s), prior to the start of the service development project, according to: 
The exact characteristics and nature of the service development methodology that they plan to use. 
Their experience regarding the use of appropriate software tools. 
The requirements (the "design culture") of the organisation / enterprise that they work for. 
The requirements of the organisation / enterprise that will use (and possibly maintain) the telematic service 
that will be developed. 
Any special requirements that the telematic service under development may impose. 
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In this manner, the maximum flexibility is achieved and the service creation process is ficilitated in the 
best possible way by the SCE, satisfying Requirement 4 (see Section 1.3. ). It is evident that this approach 
can incorporate (after appropriate customisation) the main findings regarding SCEs of both SCREEN and 
TOSCA, as long as they do not contradict the service development methodology that is used. This remark 
applies especially to the reuse infrastructure which is less affected by the service development methodology. - 
2.7. Summary and Conclusions. 
In the traditional Public Switched Telephone Network (PSTN) the only service offered initially was tSe 
classical, two-way Plain Old Telephone Service (POTS). To offer this service, the telecommunication 
network has to allocate and reserve resources across voice truriks passing through a number of switches. 
First implementations were entirely hardware based, where electric pulses steered electromechanical 
switches to select the appropriate outgoing circuit. It was not until these systems were replaced bY 
programmable computers and electrical Pulses by "proper" signalling protocols that it became feasible 
design services in a more flexible manner. 
Although it did not fundamentally change the way services were provided, nor did it enable the provision 
of radically new services, the IN concept (see also Section 2.4.1. ) represented a significant evolutionary step 
in that respect since it made it possible to introduce more intelligence in selected network nodes-without 
affecting the majority of switching systems. The intelligence required for the provision of a service was now 
placed in dedicated IN servers (SCPs) instead of every switch of the network. The switch functionality was 
restricted to basic call processing, and additionally, to the identification of IN service calls and to the routing 
of these calls to the IN servers. In this way, variations of the basic phone service can be easily implemented. 
However, even IN-augmented PSTN, fails to meet the demand for a great diversity of broadband, rnultý- 
media, -and 
multi-party telecommunications services with enriched functionality. Such services require a 
more flexible service provisioning approach, in which flexibility should be pursued even if it is not 
advantageous from a performance point of view, and in which service - transport network dependencies are 
eradicated. As will be explained in Chapter 3, DPEs can satisfy this need by permitting very complex 
signalling interactions, abstracting over the use of low level signalling protocols without semantic loss. Under 
these conditions telematic services can be considered as complex distributed software applications designed 
and implemented as a set of interacting service components operating upon a DPE. This complexity together 
with the generic character of modem networks, which are not bound to a specific "service paradigm", 
highlight 
the necessity for a service creation methodology that will bridge the gap between the initial conception of a 
service and its actual implementation. Recognising this need, this chapter examines a number of advanced 
approaches in the area of service engineering that are related to the research work presented in this thesis. 
In order to fully understand the objectives, the driving forces and the scope of telecommunications service 
engineering, and to improve the semantic coherence of the entire thesis, the starting point of this chapter 
is, 
the defmition of some important terms / concepts (Section 2.2. ). Important issues associated with the obiict- 
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oriented -development of telematic services are considered next by this chapter (Section 2.3. ). The emphasis 
of this chapter on telecommunications software continues with Section 2.4. In this section the main charac- 
teristics of IN and the TMN, in the framework of the constantly expanding MSNs, are presented and their 
co-existence and integration is examined. Then, the need for an open universal service platform capable of 
supporting the control and management of telecommunications services in an integrated manner is highlighted. 
The two most important architectural frameworks that promise to satisfy this need and make the future 
open information market a reality are OSA and TINA-C, which are presented in Section 2.5. In the same 
section, OSA and TINA-C are also compared and contrasted considering mainly their service architectures. 
Between them, TINA-C appears to be more robust, more complete and more promising for the future, as 
various problems, weaknesses, and pitfalls will be tackled by the ongoing efforts of the TINA consortium. 
Therefore, TINA-C is selected as the most suitable service support environment for the proposed 
telecommunications service engineering fi-amework of Figure LL Section 2.5., after reasoning about this 
choice, identifies a number of distinctive features in TINA-C that satisfy Requirements 2,3,5,6,8,9,10, 
11,12,13,14,15, and 16 (see Section 1.3. ), and examines the future perspectives of TINA-C by 
considering its relation with INs, the TMN, the Internet and mobile communications. 
In general, the discussion regarding TINA-C in Section 2.5. reveals that TINA-C is already a mature 
architectural framework which is gaining acceptance, through validation activities and the examination of 
interworking: concepts and migration strategies from existing technologies. Furthermore, TINA-C is 
gradually acquiring industrial strength and the related technology moves from the research field into the area 
of industrial application. The appearance of related products exposes TINA-C specifications to a wide and 
public process of industry interaction and the feedback that is generated in that way, will either back up the 
consistency of the specifications or will determine the need for alternative specifications. Up to now, the 
feasibility of the TINA-C approach has been proved in many different contexts and its main concepts have 
been challenged in many different ways. Therefore, there is evidence that TINA-C is a very interesting and 
prorriising solution 23 for the middle and long term, and is not considered any more as the ultimate vision, but 
as an essential evolutionary step towards the optimum (re)structuring of the emerging MSNs [VEN198]. 
However, there is still limited practical experience regarding the performance stability and scalability of 
TINA-C in the time-critical network control area. Additionally, although TINA-C is flexible in adapting new 
and existing approaches and technologies, the tumultuous development of the Internet is likely to allow only 
certain parts of TINA-C to be implemented and deployed widely. In any case, this possibility does not limit 
the importance and value of TINA-C, as TINA-C is not an "all-or-nothing" approach and the principles and 
concepts of TINA-C will continue to be very valuable as a conceptual guideline in any context, irrespective 
of the penetration of the complete TINA-C architectural framework [GEIH98]. This belief is also reflected 
in the proposed methodology which considers TINA-C in a critical manner (see Section 4.4. ). 
In Section 2.6., the difficulty of applying TINA-C for the development of telematic services is identified 
and a SCE together with a service development methodology are considered as a possible solution, 
23 It is "a cooperative solution for a competitive world" as is officially characterised [INOU99]. 
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explaining thus the rationale for proposing the telecommunications service engineering fi-amework of Figure 
I. I. The rest of this section focuses on the SCE and it is argued that in the proposed framework the SCE is 
in close cooperation with the service creation methodology and aims to increase its applicability and not to 
substitute it. Therefore, in order to satisfy Requirement 4 (see Section 1.3. ), the SCE is proposed to be con- 
structed / customised by the service developer(s), prior to the start of a specific service development project. 
Although this chapter is mainly an introductory chapter, regarding the main objectives of this thesis'ýsee 
Section 1.4. ), that contains state of the art descriptions, some parts of it can be considered as'a'research 
contribution, because the related matters were addressed in a critical manner, trying to clarify and structure 
a number of issues, and always explaining the reasons behind the various decisions and proposals. 
Therefore, the research contributions in this chapter, which are among the secondary objectives of this 
thesis (see Section 1.4. ), are the following [ADA98c][ADA98d][ADA99d][ADA00c][ADA00fl: 
" The definition of the term / concept "telematic service" and the discussion about similar definition attempts 
found in the service engineering literature (Section 2.2. ). 
" The justification of the object-oriented design of telematic services by identifying the main requirements 
associated with the design of telematic services and examining ways that object orientation can support 
them (Section 2.3-2. ). 
" The comparison of a number of mature and well documented general purpose object-oriented software 
development methodologies and the consideration of their suitability for the development of telematic 
services (Section 2.3.3. ). 
" The comparison and contradistinction of the architectural frameworks of OSA and TINA-C according 
(mainly) to their service architectures (Section 2.5.3. ). 
vý The discussion on the (future) perspectives of TINA-C to significantly penetrate the telecommunications 
environment by considering its flexibility in adapting and embracing new and existing approaches and 
technologies (IN, TMN, the Internet, mobile communications) (Section 2.5.4. ). 
The identification of the main constituent parts of a SCE and the discussion about its role and purpose in 
relation with a service development methodology by previously considering other important related 
approaches (Section 2.6. ). 
This chapter examines the SCE and the service support environment of the proposed telecommunications 
service engineering framework of Figure LL However, as was mentioned in Section IA, the service 
support environment has two main constituent parts. First, the service engineering principles are specified 
by 
the UNA-C service architecture. And second, the service execution environment, which is the other 
constituent part of the service support environment, is only influenced by the TINA-C approach regarding 
the DPE, as TTNA-C does not suggest a particular DPE. Such a choice, which is essential for the distributed 
realisation of telecommunications services, is made in the next chapter (Chapter 3), which examines 
in detail 
important issues and technologies regarding DPEs and therefore regarding the service execution environment 
of the proposed telecommunications service engineering framework. 
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3.1. Introduction. 
There are many driving forces which have compelled telecommunications operators and vendors to seek new 
solutions in telecommunications service engineering. Among them, growing competition and the progressive 
convergence of information and telecommunications technologies led to an increased focus on how a great 
variety of advanced multimedia telematic services with enhanced functionality can be efficiently and effec- 
tively developed and deployed in shorter time frames taking advantage of different network technologies, 
end-systems, communications protocols, operating systems, and programming language environments. 
Distributed objectplatforms have been recognised as a key technology solution to this problem, because, 
due to recent developments in object orientation and distributed computing, they promise the benefits of more 
flexible service design and service deployment, increased software reuse, and increased interconnection capa- 
bilities with external resources such as the Internet and private database systems [ADA99c]. Furthermore, as 
t became necessary for the user to communicate more complex information to the network. qeTvicps, evolved, i. 
Accordingly, adjacent nodes in a network needed to exchange more information. Signalling is used for both 
these purposes. Signalling was initially in charge of the bearer connection control. In its early steps it had 
rudimentary capabilities, which were adequate for the services for which it was at that time used. Increasing 
service complexity and the increased needs imposed by more sophisticated service control has since then 
sustained a continuous signalling evolution; an evolution which was fostered by advances in software 
engineering practices. As signalling protocols become more complex, they can be implemented by distributed 
objects in order to facilitate easier implementation and maintenance, and software reuse. 
Therefore, distributed object platforms, which are actually object-oriented Distributed Processing 
Environments (DPEs), promise to revolutionise the service control area by providing a new approach to 
advanced signalling (see also Section 7.2. ). They are used for both the transmission of service control 
information (in the form of remote method invocations) and the multimedia streams that may flow between 
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user applications, and function as a unifying abstraction layer, presenting a homogeneous, view of the 
transport capacity to telematic services, which are realised by a set of interacting service objects that are 
physically distributed across different network elements [ADA00fl. 
Taking into account the growing significance of distributed computing platforms in the development, 
construction, and management of telecommunications services, the proposed telecommunications service 
engineering fi-amework of Figure 1.1. considers the DPE as the most important part of the service execution 
environment (see Section 1.4. ). The other ancillary software that is included in this environment is usually 
used through the DPE and has been extensively studied, especially regarding distributed operating systems 
[SINH97] and database management systems [GOEB95][GRA95a]. For this reason, this chapter focuses on 
DPEs and examines in considerable detail and in a critical manner important issues and technologies 
regarding DPEs, and therefore regarding the service execution environment of the proposed 
telecommunications service engineering framework. The overall objective of the chapter is to justify the 
central role of DPEs in the service execution environment, explain the way that they. satisfy Requirement 3 
(see Section 1.3. ), and select a specific DPE technology that will be used in combination'with the'service 
development methodology that will be proposed and presented in Chapter 4. 
After this initial section, Section 3.2. examines the most important de jure and de facto DPEs from the 
perspective of telecommunications service engineering. More specifically, after a brief introduction to open 
distributed processing environments, that emphasise their goals and main characteristics, Sections 3.2. L, 
3.2.2., 3.2.3., 3.2.4., and 3.2.5. present respectively a concise state of the art description of ISO's / ITU-T's 
Reference Model for Open Distributed Processing (RM-ODP), ' Open Group's Distributed Computing 
Environment (DCE), OMG's Common Object Request Broker Architecture (CORBA), Microsoft's (Dis- 
tributed) Component Object Model (COM / DCOM), and Sun's Java Remote Method Invocation (RMI), 
highlighting the discerning characteristics of each of them. Finally, Section 3.2.6. considers the reiationshIp 
between these initiatives and evaluates the corresponding DPEs by identifying their role, commenting on 
their perspective, and proposing and examining a potential path to convergence, which reveals that DCOM 
and CORBA are currently the most significant DPE technologies for service engineering activities. 
This 
' 
remark is finther justified in Section 3.3., by identifying and explaining the most important benefits 
that distributed object platforms like DCOM and CORBA can offer to telecommunications services. 
Recognising their importance, Section 3.4. compares DCOM and CORBA with the intention to inform 
service developers about the expectations they should have when using these platforms, and thus assist them 
in a possible selection process between them. For this reason, this section proposes a decision framework, 
which is constructed by identifying a set of basic, core and service engineering related properties, and 
examining the way that DCOM and CORBA support these properties (in Sections 3.4.1. and 3.4.2. 
respectively). The proposed decision framework is complemented by an examination of the performance of 
DCOM and CORBA, and by considering their interworking with the World Wide Web (in Section 3.4.4. ). 
The main results of this comparison attempt are summarised and briefly discussed in Section 3.4.5. 
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'Based on the comparison results, and taking into account Section 3.5. that examines the interworking 
between DCOM and CORBA, Section 3.6. discusses the suitability of each one of these platforms for 
different service development requirements. Additionally, this section, after considering the main TINA-C 
requirements from a DPE, selects DCOM as the DPE that is going to be used and examined in the rest of 
this thesis, explaining the rationale behind this choice. Finally, Section 3.7. offers a synopsis of the main 
findings of this chapter, highlights the research contributions included in it, and explains its relationship with 
the subsequent chapters. 
3.2. Important Distributed Processing Environments. 
Telecommunications providers are increasingly looking towards distributed system technologies related to 
DPEs, in order to address the problems of the construction and subsequent management of 
telecommunications services. The main goal of a DPE is to enable open distributedprocessing, and thus the 
interaction between services in a geographically distributed telecommunications system without concern for 
the underlying environment. This level of openness requires the conformance to well defffied and well 
documented interfaces and has the advantage of achieving interoperability 1 and portability 2 [BLA196] 
[BLA198]. Additionally, open distributed processing environments airn to enable the development of 
telecomr-minications services which are themselves open, in the sense that the individual components of the 
services are open. Then, the benefits of interoperability and portability characterise also all the components 
of the service, which can be extended by introducing new components at a later date and can be specialised 
or evolve by changing the implementation of individual components. 
Tie main problem in achieving these benefits is the heterogeneity of the underlying environment (in terms 
of heterogeneous hardware, systems platforms, programming languages, and management policies). This 
problem can be solved if a level of independence is provided from the heterogeneous infrastructure. More 
specifically, hardware independence is achieved by providing abstractions over the characteristics of the 
underlying physical network and computing environment. For platform independence abstractions over the 
underlying systems platforms (e. g. operating systems and network protocols) are necessary and language 
independence implies providing abstractions over the interfaces offered by different programming languages. 
Finally, to overcome heterogeneous management policies, it is necessary to provide a meta-architecture for 
management which can accommodate specific approaches and policies. DPEs which offer all the above 
levels of abstractions are often referred to as middleware [CAMP99]. 
Another important goal of DPEs is to provide distribution transparency, either full or partial / selective, 
by masking out problems occurring in the distributed environment. Therefore, a high level of distribution 
transparency implies that the service developer need not be aware of the distributed nature of the telematic 
Then, an implementation of an open distributed processing platform developed by one manufacturer should be able 
to interwork with a different platform implemented by a (potentially) different manufacturer. 
2 Then, a service running on an open distributed processing platform developed by one manufacturer should be able 
to be ported directly to a different platform implemented by a (potentially) different manufacturer. 
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IN 
service, and thus the complexity of the required distributed programming is significantly reduced. However, 
it must be noted that the service developer may sometimes have to be aware of the distribution of the service 
(e. g. in mobile environments or when the real-time behaviour of a service is crucial), and thus DPEs are 
preferable to support selective transparency. The most important distribution transparencies are access, 
location, failure, migration, persistence, relocation, replication, concurrency, and transaction transparericy 
[BLA]98][GAY97][IS095]. 
The following sections examine the most significant existing de jure and de facto DPEs, focusing on their 
essential characteristics, with the intention to evaluate them afterwards from the perspective Of 
telecommunications service engineering [ADA98b]. 
3.2.1. ISO's / ITU- T's RM-ODP. 
The Reference Model for Open Distributed Processing (RM-ODP) is a joint standardisation activity by both 
ISO and ITU-T. The aim of the RM-ODP is "the development of standards that allow the benefits 4of 
distribution of information processing services to be realised in an environment of heterogeneous Ur 
resources and multiple organisational domains" [ISO95]. However, it must be noted that the RM-ODP clcýes 
not itself prescribe particular standards for open distributed processing. Rather, it provides a fi-amework (i1r, 
terms of architectural concepts and terminology) to enable specific standards to emerge. RM-ODP should 
thus be considered a meta-standard for open distributed processing. 
Figure 3.1.: The RM-ODP viewpoints. 
Because of the large amount of information required to produce a complete specification of a distributed 
system, the RM-ODP introduces the concept of viewpoints, which are abstractions used to partition the 
specification of a distributed system into a number of different parts. Each viewpoint is a complete and self- 
contained description of the required distributed system targeted towards a particular audience [GEIH93]. 
As can be seen in Figure 3.1., the RM-ODP defines five viewpoints; namely the enterprise, informatiori, 
computational, engineering, and technology viewpoints. Each viewpoint has a corresponding language. 
However, these languages do not prescribe a full syntax and semantics for specifying the relevant concerns. 
Rather, they provide the basic terminology required to model the concerns of a given viewpoint. In this 
sense, the viewpoint languages can be considered as meta-languages which can be instantiated with 
particular notations in a given usage [GAY97]. 
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Co 
Enterprise System objectives, business concerns, Corporale managers, policy makers Contracts, agents. arnt, lcts. roles, eic. 
policy constraints 
Information Information models, information flows Infonnation managers, information Objects, composite objects, schemata 
and associated processes engineers, business & system analysts (invariant, static, dynamic), etc. 
Computational Logical partitioning of'distributed Application developers, system Objects, interfaces, binding 
applications designers (operational, stream, signal), 
Engineering Distributed infrastructure to support 
applications 
Technology Technology procurement and 
installation 
Operating system or communications 
designers, system prograrnmers 
System procurers, system maintainers 
administrators, system managers 
environmental contractý etc. 
Stubs, binders, protocol objects, nodes, 
capsules, clusters, etc. 
Implementation eXtra Information for 
Testing (IXIT), configuration diagrams, 
etc. 
Table 3.1.: Summary of RM-ODP viewpoints and languages. 
The RM-ODP viewpoints should not be seen as architecture layers or levels of refinement. The order of 
these viewpoints does not imply any particular precedence relationship. It reflects to some degree the stages 
of a typical design process, where the analysis of the enterprise is at the beginning, and an implementation is 
finally produced. A summary of the various viewpoints and languages can be seen in Table 3.1. 
3.2.2. Open Group's DCE. 
The Distributed Computing Environment (DCE) is a standardisation activity sponsored by the Open Group 
(former Open Software Foundation, OSF) [OSF92]. DCE is an operating system independent and network 
independent software platform aiming to achieve distributed processing. It is actually an integrated set of 
services (in the sense of facilities) offering collectively a DPE. Unlike RM-ODP, DCE does not follow an 
object-oriented approach. Instead it has a classic client-server architecture. Thus, it does not support object- 
oriented features such as class / type, subclass / subtype, object instantiation, and inheritance. 
Implementations of DCE are available on several platforms including PCs and many UNIX platforms. 
The overall architecture of DCE is illustrated in Figure 3.2. DCE services can be divided into the 
fundamental services (or secure core) and the data sharing services. The fundamental services are the 
threads service, the Remote Procedure Call (RPQ service, the time service, the naming service, and the 
security service. The data sharing services are the distributed file service and the associated diskless support 
service. It has to be noted that DCE provides a limited number of management tools for some of its services. 
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Distributed systems management can also make use of the Open Group's Distributed Management 
Environment (DME) [OSF94]. 
Finally, DCE uses an Interface Definition Language (IDL) for the description of interfaces, which axe 
collections of functions logically grouped together that can be called through the RPC mechanism. The OCE 
IDL consists of the IDL header, which contains a Universal Unique IDentifier (UUID) and a version 
number, and the IDL body, which includes definitions of every operation on an interface by stating t: he 
operation name, and the name and type of the parameters and results. 
3.2.3. OMGs CORBA. 
The Common Object Request Broker Architecture WORBA) [OW, 98a] is supporled by the Object 
Management Group (OMG) 3 as part of an initiative to develop a comprehensive Object Managerneirit 
Architecture (OMA) for object-oriented computing [OMG93]. CORBA adopts an object-oriented aPPrOach. 
Its object model defines an object as an identifiable encapsulated entity which provides one or more services 
that can be requested by a client. CORBA objects support interfaces, which are described in terms of an H:: olL. 
CORBA has a special component called the Object Request Broker (ORB) that is responsible for makirig 
object distribution transparent and providing a mechanism for trading, enabling object requests to be carried 
out in a heterogeneous distributed environment. Clients can issue requests on object implementations (object 
servers) and the ORB will undertake finding the objects, sending each request to the appropriate object, 
preparing this object to receive and process the request, and return the results back to the client. Therefore, 
the ORB implements a level of distribution transparency (in fact access and location transparency). It also 
provides persistent storage of information concerning objects using the interface repository and the 
implementation repository [ORFA97]. The ORB is an object in CORBA and is thus defined in terms Of IDIL. 
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Figure 3.3.: The architecture of an object request broker, 
As can be seen in Figure 3.3., an ORB offers a number of different interfaces to the object developer. The 
ORB core is the lowest level in the ORB architecture and supports the basic representation of objects airld 
the means of communicating between objects. A client usually accesses an object implementation using the 
interfaces offered by the IDL stubs and the IDL skeletons (Static Interface Invocation, STI). However, 
object-onented applications sometimes require the flexibility offered by the Dynamic Interface Invocation 
OMG is an international non-profit consortium, founded in 1989, with over 800 members. it aims to promote the 
theory and practice of object technology for the development of distributed computing systems [VIN0971. 
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(DII). A client can use this interface when an application object dynamically locates an object and hasn't got 
the appropriate stub accessible through the stub interface (e. g. when browsing an object-oriented database). 
An object implementation normally accesses services provided by an ORB through the object adapter 
interface. This interface provides access to services including the generation and interpretation of object 
references, method invocation, security of interactions, object activation and deactivation, mapping object 
references to implementations, and registration of implementations. Different styles of objects can be 
supported by different object adapters. However, every implementation is necessary to provide a minimum 
environment for the management of an object, supporting a Basic Object Adapter (BOA), which offers a 
core set of services to the object developer [VIV097]. 
CORBA does not constrain the protocol that each vendor's ORB uses to pass messages across a network. 
However, compliance with the CORBA 2.0 specification can only be achieved if there is a gateway between 
whatever protocol an ORB uses and the Internet Inter-ORB Protocol (HOP) [OMG96]. 
Besides CORBA, OMA defines also certain key object interfaces. These can be divided into the lower- 
level CORBA services and the higher-level CORBA facilities. CORBA services define such object interfaces 
as naming, event, life cycle, persistence, transaction, concurrency control, relationship, externalisation, query, 
licensing, property, time, security, object trader, and object collection [OMG98b][TALL98]. CORBA 
facilities provide horizontal and vertical application frameworks, by defining collections of facilities that 
processes may use through CORBA objects, such as compound documents, user interfaces and system 
management [ORFA97]. Major ORB vendors have CORBA ORB implementations for Windows, Unix and 
mainfi-ame platforms, like Inprise through their VisiBroker product and Iona through their Orbix product. 
3. Z4. Microsofts COMIDCOM. 
The Component Object Model (COM) constitutes the foundation of Microsoft's object services and has been 
put forward to the Open Group for standardisation. COM is a binary standard for the creation of software 
components, which allows components written according to the standard to be shared between applications 
[MICR95]. Being the core of object creation and management, COM also acts as a foundation for further 
infrastructure, such as persistent intelligent names, and structured and persistent storage. On top of these are 
built Microsoft's Object Linking and Embedding (OLE) technology and the facilities specified by the 
ActiveX 4 Application Programming Interfaces (APIs) [GRIM97]. According to the COM architecture a 
client uses COM objects through interfaces. An object interface is defined using Microsoft's Interface 
Definition Language (MIDL), which is an extension of DCE's IDL. 
Distributed COM (DCOM) is the distributed extension to COM that builds an Object Remote Procedure 
Call (ORPQ layer on top of the DCE RPC to support remote objects [BROW98]. DCOM makes cOM 
4 ActiveX controls are lightweight COM objects that can be "hoste&' on Web sites. 
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objects location-independent, and adds security and multithreading to COM. It specifies facilities that enable 
interoperability between objects implemented in different languages, for various operating systems, running 
in different address spaces. Objects may interoperate within a single process, between processes on a single 
machine, or between processes distributed across a network. Thus, DCOM provides an efficient - and 
effective solution for the integration of heterogeneous components in a distributed environment. 
A DCOM server can create object instances of multiple object classes. Every DCOM server-object can 
support multiple interfiaces, each representing a different view -or behaviour of the object. An, inter ace f 
consists of a set of functionally related methods. A DCOM client interacts with a DCOM object by 
acquiring a pointer to one of the server object's interfaces. This interface may be the generic interface that 
all DCOM objects support (IUnknmm) or it may be another interface that the client requested. The client 
invokes the server object's exposed methods through the acquired interface pointer (using appropriate proxy 
and stub code) as if the server object resided in the client's address space [RUB199]. Beside the static methoa 
of invoking methods on objects, DCOM supports a dynamic one, using the standard mispatcli interface 
and object type libraries. To enable clients to find the objects that they require, all objects are registered in 
the local system registry. Furthermore, object classes are uniquely identified by the Microsoft GUID 
(Globally Unique IDentifier), which can be either a CLSID (class identifier) or an III) (interface identifier). 
DCOM is primarily a specification for how objects and their clients interact and addresses basic issues, 
such as interface negotiation, reference counting, rules for memory allocation (between independently 
developed components), and error reporting. A particular design goal, which is also a strength of DCOM, is 
the ability to manage different versions of components. Since the COM specification is at the binary level, 
DCOM server components can be written in diverse programming languages, such as C++, Java, Object 
Pascal (Delphi), Visual Basic, and even COBOL. 
As long as a platform supports COM services, DCOM can be used on that platform. DCOM is 
extensively supported on the Windows plqrbrm. Other companies provide DCOM implementations on other 
platforms. Examples are Software AG (through its EntireX product) for Unix, i. e. Linux. and other flavours, 
Digital for the Open VMS platform, and Nficrosoft for the Solaris platform [THOM97]. 
Microsoft has recently produced a new version of COM, called COW, which is an advanced run-time 
environment that unifies COM, DCOM and the inftastructure offered for component based distributed 
applications by the Microsoft Transaction Server (MTS), into a coherent and homogeneous component 
technology [PLAT99]. COM+ merges the COM and MTS programming models with few extensions and 
new features such as queued components, event service, in-memory database and load balancing. 
Furthermore, COM+ is an integrated part of Windows 2000 and the heart of Microsoft's Windows 
Distributed interNetApplications (DN. 4) architecture, which attempts to create a seamless environment for 
developing multitier distributed computing applications [VOTH98]. 
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3.2.5. Sun's Java RMI. 
The term Java, except from the object-oriented programming language, characterises also the specification 
of the bytecode to which the source code is compiled and the Virtual Machine (VW) that interprets this 
bytecode '. Taken together, these define an object model [CAMP99). All the different facets of Java have 
been defined by JavaSoft, a business unit of Sun Microsystems Inc. It has to be noted that, although the 
standardisation of Java was under way through ISO's Java Study Group (SC22) and in ECMA, Sun 
recently (February 2000) stopped this process. 
virtuai machine 
operating system 
T-- I 
harctwwe 
Figure 3.4.: Traditional and Java run-time systems. 
The Java run-time system is shown in Figure 3.4. alongside a traditional run-time system (using the object 
code). The bytecode specification is designed to have safety features for network download. The VM 
prevents any direct access to the real machine or the operating system running on it. It hides the differences 
between heterogeneous operating systems (a different VM is needed for each platform) so that one version of 
the bytecode will run on any platform. Moreover, it is envisaged that in the future the VNI will be tailored 
for particular hardware taking over the role of the operating system 6. The VM links Java programs together 
at run time, eliminating the need for this at compile time, as Java's object model supports dynamic binding. 
Java has been written especially for use in the Internet, and in this case Java code is copied between 
machines in a form that allows it to be run on the machine that it is copied to. However, in a DPE the code 
running on a server machine is accessed by a client. In Java, this can be done by using the Remote Method 
Invocation (RMI) API [SRID97]. More specifically, RMI enables a client object that resides in one Java 
VM to invoke a method from a remote server object that resides in a different Java VM. As these VMs may 
actually execute on different hosts, Java RMI can be regarded as an object-oriented DPE and remote method 
invocations in Java can be considered as object requests between Java objects that are distributed across 
different Java VMs [EMMEOO]. 
To use RMI, the Java Remote interface has to be extended to include the methods that will be accessible 
from the remote machine. The client object locates the server object through a registry running on the server 
machine that holds information about the available server objects. It has to be noted that both the client and 
5 Java is a hybrid language because it is both compiled and interpreted. 
This is particularly likely in less modular equipment than general purpose computers, e. g. communications equip- 
ment, household appliances, etc. 
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the server object have to be written in Java, because RMI depends on Java serialisation, which allows 
objects and primitive data types to be marshalled (transmitted as a stream). 
Sun has provided a series of Java classes that are CORBA-compliant, along with an IDL compiler called 
id1gen that creates CORBA stubs and skeletons in Java, and a light-weight ORB called Door ORB that is 
implemented over TCP/IP [GRIM97]. As RMI was meant to be a rather lean provision of distribution 
capabilities on top of the Java VM, Sun is also providing higher-level services on top of RMI. One such set of 
services is Jini which supports application construction for portable hosts [ARN099]. Another example is the 
Enterprise Javabeans which aim to provide component based development support for server components by 
combining Javabeans with RMI and adding facilities, such as transactions, persistence and security [MONS99). 
3. Z6. Evaluation. 
Comparing the DPEs that were presented in the previous sections and taking into account their use for 
service engineering activities, it is evident that: 
" RM-ODP is a meta-standard defining a fi-amework to enable the emergence of more specific object 
oriented technologies for open distributed processing. Thus, it has a very valuable conceptual influence tco 
service engineering (e. g. in the case of TINA-C, see Section 2.5.2. ). 
" DCE is a client-server architecture achieving integration between a range of key facilities. The importance 
of DCE in the area of service engineering is currently limited because services are engineered as 
distributed object-oriented applications and DCE does not follow an object-oriented approach. 
CORBA is a specific object-oriented technology providing interoperability of objects in a heterogeneous 
-environment by offering an architecture with associated interfaces expressed in an IDL language. Thus, 
CORBA can support the construction of telematic services. 
COM / DCOM is a specific object-oriented technology (as CORBA) facilitating objecCcreation, 
interaction, and management. It is also capable to support the construction of telematic services. 
e Java RMI is an object-oriented mechanism for the communication of distributed Java objects, which is yet 
rather immature as a lot of the transparencies built on the core object models of OMA and COM / DCOM 
are yet to be defined for Java-RMI ý However, the significance of Java RMI in the area of service 
engineering is expected to raise rapidly if its standardisation is resumed and completed, and as more 
related experience is gained [KEIJOO]. 
From the above remarks it can easily be deduced that DCOM and CORBA are the only two DPE 
technologies that have currently the capabilities to support service engineering activities in an efficient and 
7 It has to be noted that Java-written applications can be built within the object model provided by the OMA or COM 
ý DCOM, as these both offer multiple language support. This adds abstractions to Java's own object model and 
covers some of its deficiencies. The advantage over RMI is language independence for each of the components 
making up a telecommunications service. 
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effective manner. Irrespective of this fact, the various initiatives in the field of open distributed processing 
can be considered as complementary with a potential path to convergence. RM-ODP is the most 
comprehensive of the initiatives, tackling issues such as object orientation, persistency, migration, security, 
transaction processing, and multimedia. Tberefore, it can be used as a reference point for the development of 
current and future open distributed processing solutions. In contrast, DCE, CORBA, COM / DCOM, and Java 
RMI can be viewed as more immediate realisations of open distributed processing with DCE identifying and 
integrating key facilities, and CORBA and COM / DCOM offering mature object-oriented abstractions. One 
proposed path to convergence is to offer a CORBA or COM / DCOM interface on top of DCE services and 
then to evolve gradually this architecture towards a full RM-ODP architecture through the provision of addi- 
tional facilities and through the definition of ffirther viewpoint languages. 
According to this proposal, irrespective of the use of DCOM or CORBA, DCE will be the low-level 
infrastructure upon which new object-oriented telecommunications services will be developed and provided. 
However, the service engineer should be aware of the fact that there are two versions of DCE, as Microsoft 
has taken DCE RPC and implemented it in its own operating systems [BROW98][GRIM97]. Microsoft 
RPC is compliant with DCE RPC, as Microsoft's IDL compiler supports all the functionality of the DCE 
IDL compiler. However, Microsoft RPC has its own way of handling naming and security services. 
Despite 'their differences, DCE and Microsoft RPC can interoperate when using mixed DCE and 
Microsoft client and servers. To overcome the naming problem, in order to enable Microsoft RPC client and 
gervers to use the DCE Cell Directory naming Service (CDS), the name service interface daemon (nsid) is 
proposed to be used as in Figure 3.5. As DCE servers are unable to use Microsoft named pipes, the only 
possible transport mechanism is TCP/IP. This removes any possibility of mixed DCE and Microsoft RPC 
systems using authenticated RPCs. 
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Figure 3.5.: Using mixed DCE and Microsoft RPC: 
(a) Microsoft RPC client - DCE server, (b) DCE client - NT RPC server. 
Upon the basic infrastructure provided by DCE, DCOM or CORBA can be used to complete the 
development of a telecommunications service in an object-oriented manner. It must be noted that COM / 
DCOM is based on Microsoft RPC. On the contrary, an ORB can be implemented upon either DCE or 
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Microsoft RPC, because CORBA is only a specification defining how clients can use objects via_the ORB, 
leaving vendors to decide upon implementation matters. 
Although the proposed convergence path is realistic and useful for guiding the future evolution of existing 
DPEs, many problems remain to be solved before full convergence can be achieved. Significant examples'of 
these problems are technical differences, functional deficiencies, different level of maturity, and policy 
conflicts between different competing organisations and enterprises. In the meantime, DCOM and CORBA 
are undoubtfully the two most important object-oriented DPEs for service engineering activities. For'this 
reason, the rest of this chapter, after highlighting their importance once more in the followi4k sectioný, 
focuses on their detailed examination always from a telecommunications service engineering perspective. 
3.3. The Emergence of Distributed Object Platforms. 
As the telecommunications environment is gradually changing its face towards an open market of informa- 
tion services, it is becoming apparent that major private and public networks are actually large distributed 
object systems. These systems are populated by a dispersed set of objects that can request services from one 
another through a communications mechanism, using interfaces defined in a consistent IDL [REDL98]. 
Whereas regular objects "reside" in a single program and do not even exist as separate entities once the' 
program is compiled, distributed objects are extended objects that can reside anywhere on a network and 
continue to exist as Physical stand alone entities while remaining accessible remotely by other objects'. 
Robust distributed object platforms, such as DCOM and CORBA, allow objects implemented in different 
programming languages to communicate seamlessly via standardised messaging protocols. Such object 
frameworks enable higher levels of transparency and interoperability between distributed objects [ENME00]. 
The most important benefits offered by distributed object technology, and more specifically, by 
distributed object platforms like DCOM and CORBA, to telecommunications services engineered in this way 
are the following [KRIE98][LEWA98][REDL98)[SALE99]: . 1. i-, 
Ease of development and maintenance: Distributed object platfon-ns increase the self-management 
capability of objects by regulating the necessary inter-object communications and by providing object life- 
cycle services. Self-managing objects are used easily by other objects since no management burdens are 
imposed on the client objects. Furthermore, they rely on a robust event model that allows objects tco 
broadcast specific messages and generate certain events. These capabilities simplify the programming of 
telecommunications services and also assist to provide an accurate representation of the real-world syste'rn 
/ situation modelled. It has to be noted that distributed objects incorporating advanced self-management 
features are often called components. Such components follow a plug-and-play philosophy, operate across 
networks, take responsibility for their own resources, interact with other objects / components, and maintain 
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the transparency of their location and implementation. Components may contain multiple distributed or 
local objects, and they are often used to centralise and secure a specific operation. 
" Abstraction: Because of the strict encapsulation that distributed objects provide, they are ideally suited for 
the construction of telecommunications services, especially when the separation of data is important. 
Furthermore, a client does not have to know the details of a service providing entity. 
" Modularity: An object is a self-contained entity whose services can be invoked by several different clients 
designed separately from it. Cooperating distributed objects can form / model accurately the logic of 
telecommunications services because of the rich interaction semantics they can realise. 
" Reusability. Libraries of object services and facilities are provided with or for distributed object platforms. 
They offer functions, such as security, object life-cycle management, naming service, notification service, 
and various special-purpose facilities common to a wide variety of telematic services. 
*Granularity flexibility: Objects can be as small as required to provide the correct functionality 
combinations or as large and complex as required to encapsulate completely the logic of a particular 
telernatic service segment without unwarranted reliance on other objects. Additionally, since distributed 
objects allow telematic services to be split up into lightweight pieces that can be executed on separate 
machines, less powerful machines can be used for running demanding services. 
Distributed object technology is already in use in the telecommunications world [AIDA98][REDL98]. A 
characteristic example is the information model of the TMN [PAVL97], and an example where this 
influence is maximised is TINA-C (see Section 2.5.2. ). 
Taking into account the fact that object-oriented architectures for distributed computing have become a 
foundation technology for both telecommunications services and networks, it is inevitable that soon the use 
of DCOM and CORBA by service developers will be a common activity. Under these conditions, it is 
necessary that service developers have an in-depth knowledge of both DCOM and CORBA in order to be 
able, not only to apply each of them in an efficient manner, but also to select the most appropriate of them 
for a specific service engineering activity. For this reason, the following section compares and contrasts 
DCOM and CORBA with the objective to clarify important issues regarding their capabilities and use in the 
area of service engineering, improve in this way the related comprehension of the service developers, and 
also guide them during a possible selection process [ADA99c]. 
3.4. A Comparison Between DCOM and CORBA. 
Considering the basic characteristics of DCOM and CORBA, some of which were mentioned in Sections 
3.2.4. and 3.2.3. respectively, Table 3.2. represents an initial comparison attempt. Ibis table reveals the 
wide scope and the richness of both platforms, and it is more concise and informative than other comparison 
attempts found in the literature, which are based extensively on code examples [CHUN98][GOPA98]. 
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Inheritance of a base interface 
Unique Identification of a remote 
server object 
Unique identification of an Interface 
Unique identification of a named 
implementation of a server object 
Reference generation of the remote 
server object 
Handling of common tasks like object 
registration, skeleton instantiation, etc. 
Underlying remoting protocol 
Activation of a server object 
Mapping of object name to its 
implementation 
Storage of type information 
Client side stub 
Server side stub 
Definition of parameters passed 
between the client and server objects 
Definition of complex types 
Support of distributed garbage 
collection 
Platform support 
Programming language support 
COM/DCOM 
Every object implements IUlkrxm 
Through its interface pointer(s) 
Using the concept of Interface IDs (IlDs) 
Using the concept of Class IDs (CLSIDs), the 
mapping of which is found in the registry 
Performed on the wire protocol by the 
Object Exporter 
Either explicitly performed by the server program 
or handled dynamically by the 
DCOM run-time system 
Object Remote Procedure Call (ORPQ 
Mainly by using WCreateirutance, 
Handled by the registry 
Type library 
Called a proxy 
Called a stub 
Defined in the interface at the IDL file. 
Depending on what the IDL specifies, parameters 
are passed either by value or by reference 
Complex types that will cross interface boundaries 
must be declared in the IDL 
On the wire by a pinging mechanism which 
garbage collects remote object references and 
encapsulates them in the IMMPRoolver interface 
Any platform as long as there is a COM service 
implementation for that platform 
Since the specification is at the binary level, 
diverse programming languages can be used 
Every interface inherits ftom ammxbject- 
Through an object reference (obiref) 
Using the interface reference 
By mapping a name to a reference through the 
naming service 
Performed on the wire protocol by the 
Object Adapter 
Performed implicitly by the constructor 
Internet Inter-ORB Protocol (IIOP) 
Mainly by binding to the object 
Handled by the implementation repository 
Interface repository 
Called a proxy or stub 
Called a skeleton 
All interface types are passed by reference. All 
other objects are passed by value, including highly 
complex data types 
,. Complex types that will cross interface boundaries 
must be declared in the IDL 
No 
Any platform as long as there is a CORBA ORII 
implementation for that platform 
Since it isjust a specification, diverse programming 
languages can be used, as long as there are ORY3 
libraries suitable for coding in a specific language 
Table 3.2.: Comparing DCOM and CORBA: Basic characteristics. 
These code examples, while reasonable and -correct, are extremely limited and involve choices among 
-a 
variety of possible approaches. Furthermore, it is very difficult to keep the two implementations exactly 
equivalent. Thus, the DCOM code appears to be much more verbose than the CORBA code. However, in 
common practice one would use the ActiveX Template Library (ATL), a C++ class library, and perhaps the 
ATL wizard, to reduce the manual coding to roughly the same amount as in CORBA. Therefore, 
comparisons based heavily on code examples can only be used as a means to become familiar with DCO1\4 
and CORBA, and not as a basis for general conclusions about either technology. 
In order to derive such desired conclusions, a set of core properties that should characterise every 
distributed object platform are identified. Table 3.3. summarises the way that DCOM and CORBA support 
each of these properties, and offers an insight on the capabilities of the platforms pertaining their use in 
practical situations. This is explained in more detail in Section 3.4.1. 
Furthermore, in order to compare the suitability and applicability of DCOM and CORBA in the 
telecommunications field, a set of (telecommunications) service engineering related properties are also" 
identified, and their support by DCOM and CORBA is summarised in Table 3.4. Ibis table focuses on hovv 
DCOM and CORBA provide a solution for developing effective (possibly large-scale) telematic services and 
how they assist in the deployment of these telematic services across the Internet, within an Intranet, over ail_ 
Extranet, or simply with a Web front end. 
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Core Properti 
Object Locator 
Server Activation 
Data Typing 
COM/DCOM CORBA 
Dynamic Invocation 
Communication Type 
Inheritance 
State Persistence 
Load Balancing 
Exceptions H2ndling 
Multithreading 
Locally maintained 
Yes (Service Control Manager) 
Strong and predetermined 
(vtable method) 
Dispatch interface 
Synchronous, 
Asynchronous (callback support) 
Interface, Implementation 
(containment, aggregation) 
Yes (2 models) 
Yes goad balancing router) 
Not directly (error reporting) 
Yes (3 models) 
Centralised in the domain 
Yes (Basic Object Adapter) 
Strong and predetermined 
(Static Interface Invocation, SII) 
Dynamic Interface Invocation (DII) 
Synchronous, Asynchronous, 
Deferred Synchronous 
Implementation 
Yes (Persistence Service) 
No 
Yes (CORBA IDL) 
Yes 
Table 3.3.: Comparing DCOM and CORBA: Core properties. 
During this comparison attempt, the various value-added services provided by DCOM (taking also into 
account the extensions and enhancements introduced by COM+) and CORBA are considered. These include, 
for DCOM, the Microsoft Transaction Server (MTS), the MicroSoft Message Queue server (MSMQ), the 
Microsoft Cluster Server (MCS), and the Microsoft Management Console (MMC), and for CORBA 2.3, the 
naming, event, life cycle, persistence, transaction, concurrency control, relationship, externalisation, query, 
licensing, property, time, security, object trader, and object collection services (CORBA services) 
[OMG98b][ORFA97][PINN98][RUB199]. Table 3.4. is explained in more detail in Section 3.4.2. 
Service Engineering 
Related Properties 
COM/DCOM CORBA 
Scalability MTS, Naming service, 
Active Directory Service Interface (Win 2000) Trader service 
Reliability MTS, MCS, MSMQ Transaction service 
Security Built-in: Platform dependent: 
NT LAN Manager, MTS, 3 security levels (0,1,2) 
MS Crypto API, Authenticode SDK 
Manageability MMC Vendor specific tools, 
Transaction service 
Support for Web-ba" ActiveX, JavaScript/Java 
Telematic Services MS Active Server Page Technology 
Support for Two-factor authentication, Two-factor authentication, 
InternettExtranets Remote Data Service (RDS) Secure Socket Layer (SSL) 
Support for Intranets Desktop tools, ActiveY, Desktop tools (via a bridge), 
Active Data Objects, MSMQ Event service, Persistence service 
TabIe 3A.: Comparing DCOM and CORBA: Service engineering related properties. 
Before reaching some conclusions regarding the comparison between DCOM and CORBA, their 
performance is also examined (in Section 3.4.3. ), together with their capability to interoperate with the 
World Wide Web (in Section 3.4.4. ). The outcome of these examinations complement Table 3.2., Table 3.3. 
and Table 3A, which collectively constitute a concise and well structured decision framework that supports 
the selection between DCOM and CORBA [ADA99c], and facilitates finther the service developer(s) in 
performing such a selection. 
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3.4.1. Core Properties. 
Oblect Locator 
A mechanism by which objects can be located and subsequently activated is necessary. If a server 
machine agrees that it can activate an object, it must be able to select the right executable, and the right 
object implemented in that executable. Both DCOM and CORBA avoid using machine addresses and port 
numbers for this purpose, because such schemes are inflexible and can lead to collisions! 
DCOM allows for a locally maintained object locator on the server machine using object names, while 
CORBA and MTS centralise the locator on a single (or perhaps a few) domain machines that can identify 
object servers in the domain. More specifically, the most well-known object locator in DCOM is the registry. 
It maps a CLSID (or a readable name called ProgID) to the path name of the server executable that supports 
the CLSID. However, the registry is consulted only after the Service Control Manager (SCM) has failed to 
locate any running object instance. In CORBA, an object can locate another object in a system, by using 
either the naming service or the trader service. When using the naming service, an object looks up another 
object by the name under which the object registered itself with the ORB on initialisation. Alternatively, 
objects can query the trader service about objects with certain service characteristics that have registered. 
Server Activation 
A DCOM object server is not necessary to be running when a client request is made to instantiate , an 
object. DCOM will locate the server code through the registry, and will start the server using SCM. DCO1\4 
also allows access to servers that are already running when the client request is made, as running objects are 
registered with the Running Object Table (ROT). In CORBA, server activation is handled by the BOA. If a 
client makes a request for an object that isn't running, then the BOA will find the server and launch it to 
create the object. In this process it uses the implementation re ository, which holds information bout th pe 
location of every server object. 
Data rWiLg 
Once an object has been located and activated, the client will need to be able to communicate with it. 
Strong data typing is supported by both DCOM and CORBA through the use of interfaces. In the static 
method of invoking operations on DCOM objects, the MIDL compiler, based on the IDL definition of the 
object and its interfaces, creates the corresponding proxy and stub code. Due to the way that- the' static' 
invocation is implemented, this is often referred to as the vtable method for invoking objects [EMMEOO] 
In CORBA, in the case of the Static Interface Invocation (SIl), all methods are specified in advance and are 
known to the client and server through the stubs and skeletons that are produced by the IDL compiler. - 
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Lý, namic Invocation 
ýAltliough strong and predetermined data typing is extremely important for the creation of complex and 
robust code, sometimes the flexibility of slightly looser typing, similar to the kind which is important to 
'interpreted scripting languages, is necessary. This can be allowed by enabling the dynamic querying of 
objects for the functionality that they support. DCOM provides this facility through its Mispatch interface 
and CORBA through its DII mechanism. In essence, predetem-lined typed interfaces are used that allow a 
dynamic interface to be queried. 
More specifically, in DCOM dynamic invocation is based on the use of the Mispatch interface. Type 
libraries are special files that describe the methods implemented by an object and the parameters that these 
methods require, and DCOM provides interfaces, obtained through the Mispatch interface, to query an 
object's type library. In DCOM, an object whose methods are dynamically invoked must be written to spe- 
cifically support the Mispatch interface. Furthermore, if the object has just the Mispatch interface then 
it 
, 
can only be invoked in this way. However, DCOM also allows for an object to implement dual interfaces, 
where an interface is implemented both through Mispatch and through the vtable method [RUB199]. 
In CORBA, the IDL compiler generates type information for each method in an interface and stores it in 
the interface repository. A client can thus query this repository to get run-time information about a particular 
interface and then use that information to invoke a method on the remote CORBA server object dynamically 
through the DIL Thus, the DII acts as a generic interface that does not require stubs, and allows an object to 
learn about the methods of other objects at run time. Similarly, on the server side, the Dynamic Skeleton 
Interface (DSI) allows a client to invoke an operation of a remote CORBA server object that has no compile 
time knowledge of the type of object it is implementing [VIN097]. It has to be noted, that unlike DCOM, 
any object can be invoked with DII, as long as the object information is in the implementation repository. 
Communication Type. 
The communication between objects can be either synchronous or asynchronous. In synchronous 
communication, when a client makes a request for an object, the client process is blocked until the object 
replies. Usually, this is not a problem, since the requests from the client are made because the continuing 
action of the client depends on the data returned from the server. However, there are situations when the 
object'request may take a large amount of time or when the data returned is not required immediately (e. g. 
during initialisation). , While one way round this problem is to use multi-threaded execution, asynchronous 
communication provides a better solution enabling a message-passing paradigm. This may though compli- 
cate the client code if it requires some callback mechanism to indicate when the request has been serviced. 
DCOM is mainly synchronous. However, it allows for flexible callback mechanisms, such as connection 
points, to be implemented [GRIM97]. In CORBA, a client can invoke a method, either synchronously or 
post it asynchronously. Asynchronous invocations have always been possible through the DII deferred mode 
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but they became possible for static invocations only in CORBA 3.0 [VIN098]. Posting has the meaning that 
the calling object is not blocked waiting for the reply. Instead, it can specify which of its methods, thp 
response should invoke. It has to be noted that the receiver cannot tell the difference between a synchronous 
or an asynchronous call. 
Inheritance 
DCOM allows interface inheritance, whereas CORBA allows implementation inheritance. In interface 
inheritance, when one interface is derived from another, the derived interface must supply an implementation 
for the methods of the base interface; all it inherits is the responsibility to supply the interface. In 
implementation inheritance a derived interface inherits the interface and an implementation. DCOM 
provides a similar mechanism using containment or aggregation (see also Section 6.3.1. ) [RUB199]. 
State Persistence 
Objects represent both functionality and data. A client wishing to access an object would typically create 
V 
the object, access its services, and then destroy it. The object server will need to be able to associate a client 
connection with a particular object, since each client will have some assumption about the state of the object 
when it last accessed it. 
Both DCOM and CORBA use the notion of saving object state for later reactivation. DCOM has two 
persistence models. The original model requires that objects implement an interface that supports persistence 
using one of several known storage media (file, stream or storage). To reactivate an object, the client 
indicates explicitly where an object's state is stored and requests its activation, usually through a file 
moniker. A more recent persistence model in NITS provide server-managed storage. Instances implemented 
using MTS retain no identity between transactions. NITS can destroy an instance and recreate it on 
subsequent method invocations without the client's knowledge. The client must therefore identify the targe t 
of each method in its parameters [PINN98][PLATT99]. 
In CORBA, the persistence mechanism is completely transparent (persistence service). The client has no 
legitimate means of determining where or how an object is stored (unless some object with knowledge of the 
storage details provides an interface with a method that will divulge the information). The implementation is 
exclusively responsible for managing persistence [EMMEOO][ORFA97]. 
Load Balancin-e 
A server machine may provide several object servers corresponding to several object types. Thus, the: 
server machine may become a bottleneck in the distribution of objects and this leads to the need for load 
balancing. In essence, the server should employ a mechanism to allow the objects to be distributed across the 
network to other servers, so that the load is spread. A load balancing facility determines the server's load 
and when an object request is made, it chooses the server with the least loading. 
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DCOM implements load balancing at the object level. Thus, when a client requests a specific object it 
first contacts a load balancing router. This router contains information about a cluster of machines belonging 
to the distributed application and balances the workload among these servers. Once the desired object has 
been instantiated on one of the servers in the application cluster, the client receives a reference directly to the 
object on the particular server machine. Thus, any future requests by the client go directly to the object. A 
load balancing facility is not offered currently in CORBA, but development is underway [VIN097]. 
Excotions Handling 
DCOM has a standard way of handling error data through the return of a 32 bit error code, called an 
BRESULT, by all methods (see also Section 5.2.1.5. ). At the language / tool level, a set of conventions and 
system provided services (the IErrorInfo interface) allows failure HRESULTs to be converted into 
exceptions in a way natural to the programming language [GRIM97]. On the other hand, CORBA specifies 
an extensible exception capability that maps naturally to languages that have native exceptions, like C++ 
and Java, and that maps into exception data in languages that do not. It is based on user-defined exception 
types declared in CORBA IDL [EMMEOO]. 
Multithreadin 
DCOM supports multithreaded server objects, but it requires that the DCOM libraries be initialised in the 
threads that use them. There are three main models; namely the simple single threaded model, the Single 
Threaded Apartment (STA) model, and the MultiThreaded Apartment (MTA) model (see also Section 6.3.3. ) 
[RUB199]. CORBA object servers can also be multithreaded. Issues such as, for example, whether an object 
is created in a new process or in a new thread are handled by the ORB through the object adapter [VIN098]. 
3.4.2. Service Engineering Related Properties. 
Scalability 
A critical factor for a telematic service is its ability to accommodate easily, quickly, and efficiently an 
increase of the number of users, the amount of data, and / or the required functionality in terms of the 
number of service objects. The telematic service should be small and fast when the demands are minimal, but 
it should be able to handle additional demands without sacrificing performance or reliability. 
MTS provides a set of DCOM interfaces and libraries that promises to allow telematic services to easily 
scale as'the size of the problem increases. It also provides automated thread management to facilitate the 
handling of increased demand, and offers resource pooling and database connection multiplexing in order to 
distribute more efficiently user and data load across multiple replicated service components. In Windows 
2000, DCOM is also equipped with the Active Directory Service Interface (ADSI), which allows 
components to seamlessly use a variety of existing naming services, such as the Netware Directory Service 
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(NDS), the Lightweight Directory Access Protocol (LDAP) or even the Windows registry [GRIM97]. In this 
way, a telematic service is able to handle an increasing number of geographically dispersed users. 
In CORBA, the Object Activation Daemon (OAD) and the implementation repository allow eff. icient use 
of resources by only instantiating objects when required. The centralised naming service provides location 
independence for telematic services and their users, while the trader service allows more sophisticated 
component searches [ENME00]. 
Reliability 
Distributed objects should offer transparency to a client and part of this transparency is the guarantee that 
the object connection will be reliable throughout the client's use of an object. In the optimum case, a rernote 
object must be as reliable as a local object. Reliability can be supported by using a transaction monitor, like 
NITS or the OMG transaction service, to efficiently exploit the replication of service objects around a 
network. MTS allows telematic services to use distributed transactions to reliably update dataý across 
disparate data stores, while the OMG transaction service supports an Open Group Distributed Transaction 
Processing (DTP)-compliant model for distributed transactions. As far as DCOM is concerned, MCS'a-nd 
MSMQ also increase reliability. MCS can automatically restart telematic services and provides autornated 
failover between server machines, and MSMQ, through the use of reliable message queues for 
communication, provides features such as guaranteed delivery of object requests and disconnected operation. 
SecuriN 
DCOM has been designed with security built in, while CORBA objects can implement their own security 
mechanisms for the platform on which they are implemented. More specifically, the NT LAN Manager 
(NTLM) and the NITS authenticate users and authorise checking via Access Control Lists (AcLs). 
Additionally, the NIS Crypto API provides data encryption and integrity to prevent eavesdropping and 
tampering, while the Authenticode SDK uses digital signatures to provide non-repudiation. The challenge i-or 
the future is to integrate all these value-added services in a single solution [PLAT99]. 
On the other hand, CORBA defines two security levels; Level I and Level 2. Level I allows a telernatic 
service that is unaware of security to participate in a secure domain. It provides user authentication, 
authorisation via ACLs, data encryption and integrity, and optionally non-repudiation. Level 2 requires 
telematic services to be security-aware, and thus it is enforcing stronger versions of the security POlicies 
[ORFA97]. Some CORBA vendors, such as Iona and Inprise, have provided a Secure Socket Layer (SSL) 
implementation of HOP, called Level 0, that allows user authentication and data encryption. Level I 
implementations are currently available from Iona and IBM, and are based on DCE security. Level 2 
implementations are not currently available. 
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Manazeabilitv 
Microsoft Management Console (MMC) provides a unified GUI for managing MTS and MSMQ based 
service components. Features include centralised configuration and administration, as well as remote 
Oeployment of components. MTS gathers various statistics about service components under its control, 
including transactional outcome, mean time between object requests, and overall activity level. This 
information can then be viewed in the MMC. 
As far as CORBA is concerned, vendors such as Inprise and Iona have sophisticated tools for centrally 
configuring and administering CORBA-based telematic services. Iona also allows these services to be 
centrally managed from any Simple Network Management Protocol (SNMP)-compliant system management 
console (e. g. OpenView). The transaction service collects various usage statistics (such as transactional 
outcome, mean time between object requests, and maximum load per service component) that can be used 
for performance tuning, and provides extensive logging and auditing features. 
LU 'ort for Web-baied Telematic Services 
A telematic service is Web-based when its front end is a Web browser and it does not necessarily mean 
that the telematic service is deployed over the Internet. The front end is typically developed using regular 
HyperText Markup Language (HTML), or either JavaScript / Java or ActiveX (when it needs to be more 
sophisticated 11) [DOLG97]. 
DCOM front ends in the form of ActiveX controls can execute within Internet Explorer and, via a plug-in, 
within Netscape Navigator. ActiveX controls can be installed into the browser without user intervention. In 
addition, DCOM is available natively on all Windows platforms, so that regardless of which browser is used, 
the application does not have to download the runtime service. Furthermore, Microsoft's Active Server Page 
(ASP) technology allows the seamless integration of both HTML and ActiveX clients with DCOM servers. It 
also allows DCOM services such as MTS and MSMQ to be used with Web-based telematic services [VOTH98]. 
On the other- hand, Java""-based front ends to CORBA-based telematic services can execute on all major 
browsers and platforms. Because Netscape Navigator is supplied with the CORBA runtime service, front 
ends deployed using Netscape can be downloaded faster since they do not have to download the runtime 
service. Furthermore, the Netscape Enterprise Server provides the Web Application Interface, which allows 
HTTP-based clients to communicate with CORBA servers. 
SuRpori-for Internet I Extranets 
Telernatic services that need to operate across the public Internet or a semi-public Extranet are typically 
deployed across great distances and often through several firewalls. Such telematic services, when they 
Enhancements of HTML, Eke Dynamic HTML (DHTML) and eXtensible Markup Language (XML), can also be 
used for such purposes. 
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involve transactions executed over the Internet, they require additional security measures to ensureaccurapy . Y* 
confidentiality, and credibility. These measures include support for a public-key security infrastructure (e. g. 
SSL), which is able to deal with the unpredictable and anonymous nature of Internet users better than a 
traditional private-key system (e. g. Kerberos), two-step verification of the user's identity based on both a 
password and a physical token such as a smart card (two-factor authentication), digital validation of impor- 
tant transactions via a third party to ensure accuracy and timeliness, and integration of Intemet-specific 
security policies with the existing enterprise security infrastructure to ensure seamless end-to-erid security. 
DCOM provides two-factor authentication (through public certificate and smart cards) and Remote Daý 
Service (RDS) support. Currently, there is limited support for SSL and its integration with NTLM securiti. 
I lowever, this will be expanded to include SSL-to-Kerberos integration in a future version of COM+- On th6 
other hand, several CORBA vendors support both SSL and two-factor authentication in their 
implementation, although these features are still immature. Furthermore, CORBA 3.0 "recently- defined a'set 
of interfaces for allowing HOP requests and replies to pass through a firewall [OMG98c]. 
StMort for Intranets 
Telematic services which are limited inside an Intranet, are usually optimised for use within an 
organisation, have higher network bandwidth, and little or no firewall restrictions. Thus, they can be built 
with more sophisticated front ends, both in terms of user interface and functionality. Sophisticated functional 
requirements might include local object caching and persistence, as well as a publish / subscribe capabilityý 
DCOM-based telematic services can be built with sophisticated user interface and functional features, as 
every major development environment on Windows supports the rapid development of graphical DCOM 
applications and there are a great variety of ActiveX controls available, either for free or for a nominal 
charge, that provide additional charting, graphing or industry-specific features. Furthermore, % Active Data 
Objects allows the support of persistence, while MSMQ provides publish / subscribe capabilities. On the 
other hand, CORBA-based telernatic services can be integrated with desktop tools using a DCOM / CORBA 
bridge (see also Section 3.5. ) available from several CORBA vendors. CORBA services such as event and 
persistence can also be used to add publish / subscribe and persistence features. 
3.4.3. ExamInation of Performance. 
The performance of distributed software, usually expressed in terms of execution time for a variety, of 
operations / actions, is a critical factor for the development and provision of successful (user accepted and 
efficient) telematic services, especially when real-time functionality and / or multimedia characteristics are, 
required. Therefore, a comparison between DCOM and CORBA has to address performance matters in 
order to be complete and offer a full insight of the practical value of the two most prominent distributed 
object platforms [ADA00e]. 
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Performance comparisons between DCOM and CORBA that are found in the literature use a simple 
example of distributed code (two objects residing in two different computers that communicate via a 
network) and measure the time needed for the successful completion of a single remote method invocation 
(when one of the objects calls a method of the other object and waits for the result) [LEWA98][MOUN97]. 
Although such an approach is valid, a performance comparison based not just on a single remote method 
invocation, but on a series of logically related remote method invocations (forming a usage scenario 
pattern) can lead to more accurate, reliable and illustrative results, and can also be the stimulus for the 
deduction of a number of more general, albeit useful and of practical value, performance related conclusions. 
For this reason, considering the latter remark, an experiment involving multiple remote method invoca- 
tions under both DCOM and CORBA was conducted. This experiment and the results obtained from it will be 
examined in the following subsections in an attempt to evaluate the performance of DCOM and CORBA under 
conditions which are common in telecommunications services engineered as distributed object applications. 
Befýre proceeding, it has to be stressed that the performance of object-oriented DPEs, like DCOM and 
CORBA, that provide high-level network programming interfaces is comparable (under certain 
circumstances) with the performance experienced when using low-level, procedure-oriented, non-typesafe 
programming interfaces, such as BSD sockets [FAT097]. Furthermore, the performance of both DCOM 
and CORBA keeps improving with the application of compiler optimisation. techniques and the utilisation of 
light-weight communication protocols [CHEN99][GOKH96]. Nevertheless, service developers seem to be 
willing to accept a certain performance penalty given all the benefits (and especially extensibility, maintain- 
ability, and reusability) they are gaining from using distributed object platforms [FISC97][SALE99]. 
3.4.3.1. The Experiment. 
A simple distributed object application implemented under both DCOM and CORBA constitutes the basis of 
the experiment that was conducted. More specifically, a server object returns (after an appropriate request) 
fixed length strings (each 80 characters long) to a client object in two different ways: one string after the 
other as a result of separate consecutive method calls, or by gathering a number of strings and returning 
them all together as a result of a single method call. Equivalently, the client object, when interacting with the 
server object, can either make multiple method calls for small amounts of data (one string) or a single 
method call for a larger amount of data (several strings). The IDL description of the server object interface 
i n*DCOM, which is similar to that in CORBA, is (using a simplified variation of MIDQ: 
interface ITestServer : IUnknown 
I- 
HRESULT GetSingleString([in) LONG index, (out] BSTR* item); 
HRESULT GetMaltipleString([in] LONG index, [in] LONG count, 
[out] LOM* got, (out] BSTR** item); 
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The first method (GetS: LngleString ()) of this interface returns a single string, based on the ID of that 
string that is included in : Lnde---, as all strings are kept in an array until the data is requested. The second 
method (GetMultipleString ()) returns a number of strings (count) starting at : Lndex It has to be notý4 
that in order to obtain comparable results, care was taken to have both the DCOM and CORBA versions of 
the testing code execute on the same operating system platform (MS Windows NT 4.0) and on exactly the 
same hardware and network infrastructure. To achieve this uniformity, the CORBA implementation of the 
client and server objects used Iona's Orbix ORB under MS Windows NT 4.0, and all the testing activity 
took place using two 350 MHz Pentium 11 computers with 64 MB of memory interconnected by a 10Mbit/s 
Ethernet LAN. In the following paragraph, important parts of the code of the client and server objects are 
briefly discussed. 
The server object has an embedded object of class Elements. When this object is created, it loads the 
strings in the specified file (elements. dat) and it makes each string 80 characters long by adding the 
appropriate number of dashes at the end of the string. Then, it keeps these strings in an array until they are 
requested. The client object determines whether the single or multiple case is used, specifies the start value 
and the number of items (strings) to get, and calculates the average time required to make the call. If it is a 
single test, the GetSingleStr: Lng () method is called. Otherwise the GetMaltipleStr: Lng 0 method -is 
called. GetSingleString () simply sends a single value and thus it is called for each of the required values 
(the number of strings and the first index are specified by the client). In order to increase the accuracy, of the 
tests, the tests are repeated the number of times specified by the client. For the multiple case, -the 
GetMultipleStr: Lng () method is called on the server object just once. In both cases, the calls to the server 
object are timed and the average of the time needed to get the requested data is calculated. 
3.4.3.2. The Results. 
During the experiment, two types of measurements were carried out, using both the DCOM and CORBA 
versions of the testing code. Initially, the client and the server objects were placed on the same machine, and 
the time (in ms) needed to transfer a number of strings from the server object to the client object, as a result 
of calling (on the server object), either GetSingleString 0 many times or GetMultipleString 0 once, ' 
was calculated for several different numbers of strings (Figure 3.6. ). In this way, the performance of (the 
usually neglected) local method calls is examined under DCOM (in fact COM) and CORBA, recognising 
the fact that local object interactions are common even in large scale telematic services, and thus they 
shouldn't be ignored or underestimated. As can be seen in Figure 3.6., local method calls are fast in bot: 4 
DCOM and CORBA, with DCOM being slightly faster than CORBA. Additionally, for both DCOM and 
CORBA, the single method call (Get: MultipleStringo) is about 10 times faster than making multiple 
method calls (GetSingleString ()) for a specific number of strings. 
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Figure 3.6.: Examination of local method calls in DCOM and CORBA. 
The second type of measurements focused on remote method calls, which are the ones that affect 
mostly the performance of a telematic service. In this case, the time (in ms) needed to transfer a number of 
strings from the server object to the client object was calculated as in the first type of measurements, with 
the exception that the client and server objects were placed on two different machines connected via a 
network (Figure 3.7. ). As would be expected, remote method calls take much longer than local method 
calls in both DCOM and CORBA, although the measurements have been taken on a very quiet network of 
just two machines running only the test software. From Figure 3.7. is evident that CORBA is slightly 
faster than DCOM regarding remote object interactions, and that in both DCOM and CORBA, the 
multiple calls of GetSingleString () take about 5 times longer than the GetMultipleString () call for 
a specific number of strings. 
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Figure 3.7.: Examination of remote method calls in DCOM and CORBA. 
Taking into account all the measurements and evaluating the whole experiment it is apparent that in both 
DCOM and CORBA remote method calls are slower than local method calls, and many single method calls 
are five to ten times slower than a single multiple method call. Finally, Figures 3.6. and 3.7. clearly 
illustrate that DCOM and CORBA have a comparable performance under the NIS Windows operating 
system platform. Therefore, for this operating environment, a choice between DCOM and CORBA should 
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not be based exclusively on performance considerations, but it should also take into account other more 
general and abstract /qualitative issues [ADA99c]. 
This conclusion is reinforced even more by the fact that CORBA performance depends significantly on 
the implementation of the ORB by a specific ORB vendor and thus differs between different products 
[VIN097]. Furthermore, there exist special purpose ORBs, usually developed during research projects, 
which are characterised by increased performance. A characteristic example is the TAO. ORB that executes 
on real-time operating system platforms, and is primarily designed for real-time applications [SCHM981. 
A similar situation is also true for DCOM, as DCOM's performance can be improved in certain 
circumstances by extending its remoting architecture which has built-in extensibility [GRIM97]. The way 
that this can be achieved is examined separately in the following section, because of the significant 
potential benefits it can offer to DCOM-based telecommunications services. 
3.4.3.3. DCOM Remoting Architecture. 
Distributed object systems, such as DCOM and CORBA, provide the necessary infrastructure for supporting 
remote objec activation and remote method invocation in a client-transparent way. The term remoting 
architecture refers to the entire infrastructure that connects clients to server objects [BROW98][GRIM97]. 
A distributed object system does not necessarily have to specify how the entire remoting architecture 
should be structured. It can treat it as a black box as far as user applications are concerned. This approach 
has the advantage of allowing vendors to use their best performance optimisation techniques. However, a 
disadvantage is that such architectures are usually difficult to extend [WANG98]. Therefore, when low- 
level system properties, such as load balancing and fault tolerance, are required by a telematic service 
under development, they need to be either tightly integrated with the infrastructure [MAFF98] or provided 
through interception mechanisms outside the infrastructure [NARA97]. 
The DCOM remoting architecture can be seen in Figure 3.8. Its main constituent parts are the following 
[BROW98][GRIM97]: 
" Object proxies: They act as the client-side representatives of server objects and connect directly to the 
client. 
" Interface proxies: They perform client-side data marshaling and are aggregated into object proxies 9 
" Client-side channel objects: They use RPCs to forward the marshaled calls. 
" Server-side endpoints: They receive RPC requests from clients. 
" Stub managers: They are located in the server and they dispatch calls to the appropriate interface stubs. 
9 It has to be noted that the interface proxies and stubs are application-specific and are generated by executing the 
MIDL compiler on application-specific IDL files, while all the other objects / parts are application-independent and 
are provided by DCOM. 
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Interface stuhs: They perform server-side data marshaling and make actual calls on the appropriate server 
objects 
*Standard marshaler. - It marshals interface pointers into object references on the server side and 
unmarshals the object references on the client side. 
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Figure 3.8.: 'Me DCOM remoting architecture and extensibility options. 
Usually, DCOM-based telecommunications services use standard marshaling. However, some telecom- 
munications services may need to customise the client-server connection in order to express the correct 
semantics and improve performance. In these cases, the DCOM remoting architecture has to be extended. 
The extensibility provided by DCOM can be divided into three categories; namely, below, above, and 
within [BROW98](GRIM97][WANG98]. The first category extends DCOM at the RPC layer and below, as 
shown in Figure 3.8., in a way totally transparent to the standard remoting architecture. To achieve the other 
two types of extensibility, DCOM supports a custom marshaling mechanism which allows a server object to 
bypass the standard remoting architecture and construct a custom one, optimised for a particular situation, 
without requiring source code modifications to the former. A server object declares that it wants to 
implement custom marshaling by supporting the IMarshal interface. By implementing the method calls of 
this interface the server object can construct a custom object reference and specify the CLSID of the client- 
side custom unniarshaler, which will be automatically instantiated by DCOM to receive and interpret the 
custom object reference and to make the custom connection using an application-specific communication 
mechanism. 
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According to the second type of extensibility in DCOM, a handler layer can be inserted'. above 'the 
standard remoting architecture and below the user application (service components). This activity is often 
called semi-custom marshaling (or handler marshaling) because most of the tasks are eventually delegated to 
the standard remoting architecture, as shown in Figure 3.8. As part of the marshaling / unmarshaling process, 
a custom proxy and a custom stub are inserted to allow additional processing of each method invocation. 
The third type of extensibility in DCOM is the most general and the most promising one. According to it, 
DCOM's remoting architecture, should not only provide the basis for building distributed component-ba'sed 
applications (e. g. telematic services), but it should also be a distributed component-based. application. by 
itself More specifically, as the remoting architecture is constructed at run time by instantiating and 
connecting various components, it should be possible for a custom architecture to reuse some of the binary 
components from the standard one and supply only the necessary custom objects. The construction of such a 
custom architecture is hard in the current DCOM architecture, but it can be facilitated significantly by 
specialised architectures developed for this purpose. Such architectures can also efficiently support the 
incorporation and flexible custornisation of low-level system properties (e. g. load balancing, fault tolerance, 
etc. ) into the DCOM infrastructure [WANG98]. 
CORBA does not specify a standard remoting architecture. Therefore, incorporating stronger systern 
properties into CORBA-based telecommunications services and improving their semantics and performance' 
is usually not done by exploiting the extensibility of the remoting architecture. Furthermore, while., 
's*ornýd 
CORBA-based systems allow the replacement of the marshaling code for a given interface (sometimes called 
smart proxies), DCOM is unique in that the remoting behaviour is polymorphically bound at ruhtime on an 
object-by-object basis, as two references of identical type may be using custom or standard marshaling 
independently. This allows object implementers to safely evolve their rernoting implementation based oil 
perforinance needs without rebuilding client applications. 
3.4.4. Interoperation with the World Wide Web. 
The Internet, mainly because of the unparalleled success and proliferation of the World Wide Web (WWW), 
is currently the second largest distributed system in the world, behind only the telephone network. For this 
reason, telematic services engineering as a collection of DCOM / CORBA objects should be able to interfacL. 
with Internet applications and use efficiently Internet technology and resources. Therefore, both DCOM and 
CORBA, despite their deterministic nature, is necessary to interoperate with the WWW and the 
irtiýrnet, -n 
which many requirements for total reliability are willingly relaxed in order to achieve scaling to global 
proportions [BERN92]. Two approaches for such an interoperation are proposed and briefly examined in the 
following paragraphs [ADA98b]. 
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Adding Web-like characteristics into DCOM and CORBA will initially result into relatively disconnected 
islands of interacting objects, offering high performance, reliability, manageability, etc. (objects on the 
Web). These islands of distributed objects will inevitably start to interconnect, as new capabilities provided 
by other islands are required, resulting in the long term in globally interconnected interacting objects (a web 
of objects) [BRIS97]. 
To increase the functionality of the Web browser the arrangement of Figure 3.9. is proposed. According 
to this, any user interface that is not provided by standard browser elements is downloaded as mobile code 
(an "applet"), which can be written in Java or in a scripting language like Visual Basic Script. In this way, 
any infrastructure elements that are not available at the user end, such as a protocol stack for direct 
communication with a CORBA or a DCOM server, can also be downloaded. However, it is obviously 
preferable that such commonly used software is not continuously downloaded and this has been recognised 
by the main browser vendors. It must also be noted that, as can be seen in Figure 3.9., the server object can 
be installed at the user end. 
inlraslruCtule 
Figure 3.9.: Interoperability using applets and (remote or local) server objects. 
In the previous approaches, the user end has been assumed to be initiating a call. However, in many cases 
retroaction takes place utilising a call-back model, where an interest in a certain type of reply is registered by 
the user entity, leaving a call-back address, and asynchronously, replies or event notifications appear any 
time later. Such a situation can be seen in Figure 3.10., where the necessary code and protocol stack is 
downloaded as mobile code. In this arrangement a solution has to be provided to the problem of opening up a 
firewall to admit asynchronous messages on connections not directly initiated from inside. 
infrastructure 
Figure 3.10.: Interoperability using applets as notification objects. 
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From the discussion of the proposed approaches, it is evident that DCOM and CORBA are equally 
capable to interoperate with the VAM. Therefore, islands of distributed object systems can be deployed 
over the ubiquitous YAW infrastructure resulting in very promising new telecommunications services. 
However, there is no guarantee that the interconnection of these islands into a global object-oriented 
telecommunications service will work reliably. Further research is necessary, together with considerable 
standardisation efforts, before achieving full integration in a global scale [ADA98b][BRIS97]. 
3.4.5. Comparison Remarks. 
The liberalisation of telecommunications markets has exposed service providers to a high level. of 
competition. This competition is forcing them to reduce costs, improve customer satisfaction, and rapidly 
introduce new services. One key way in which these pressures can be addressed is through the increased 
exploitation of distributed object platforms, such as DCOM and CORBA. 
From the proposed decision framework (Table 3.2., Table 3.3., and Table 3.4. ) it. is evident that DCON4 
and CORBA have similar architectures as both provide the infrastructure for supporting remote object acti- 
vation and remote method invocation in a client-transparent way. Both adopt a client / server based prograrn- 
ming style and agree on the most fundamental aspects oftheir object models. More specifically, both approaches 
use abstract interfaces (specified by an IDL) to define how objects represent their functionality to clients. 
These interfaces allow only method invocations, so that implementation details are hidden from the client. 
This encapsulation reduces the linkage between the client and the server object implementation to the mini- 
mum possible extent and enables location, platform, and programming language independence. It also allows 
programs to select the object implementations that will use during execution, rather than at compilation or 
linking. This dynamic binding of executable code makes upgrading and reusing implementations easier. 
As far as the support of service engineering related properties is concerned, DCOM and CORBA differ in 
many respects. Most significantly, while DCOM provides a rich set of tools and. technologies, it is-essen- 
tially a Windows-only solution. Even though DCOM is available on other operating systems, key pieces such 
as MTS, MSMQ, and MCS are not currently offered. Additionally, many of DCOM's value-added services 
are very new and are still maturing. On the other hand, CORBA's main strength, which is its availability by 
different vendors, is also its biggest weakness. It is very difficult (if not impossible), for example, to get one 
vendor's security implementation to work with another vendor's transaction service. Since no vendor has a 
complete solution, integration issues are usually introduced when CORBA is used to build telematic serv- 
ices. For this reason, neither technology provides a complete solution for service engineering activities. How 
ever, both provide a solid infrastructure and there are specific scenarios in which either excels over the other. 
Finally, in Section 3.4.3. the performance of DCOM and CORBA was examined focusing on their ability 
to support object interactions commonly used in new telecommunications services. The experiment that was 
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conducted revealed that DCOM and CORBA have a comparable performance, although DCOM appears to 
be more flexible and with a significant potential for improved performance due to its extensible and 
custon-ýsable remoting architecture. Taking also into account that both DCOM and CORBA can 
interoperate with the VAW, it can easily be deduced that selecting between DCOM and CORBA for a 
specific service engineering activity can be a complicated task that requires experience, an accurate 
appreciation of the main parameters of the problem domain, and an ability to consider the merits of these 
technologies from a less technical and more strategic perspective (see also Section 3.6. ). 
In general, the proposed decision framework and the activities that complement it offer a deeper 
understanding of the capabilities of DCOM and CORBA in the service engineering area and therefore 
facilitate significantly service developers in a possible selection process. Furthermore, they also make 
evident that DCOM and CORBA have much in common and continue to converge in several aspects, 
although each architecture has different origins, with consequent strengths and weaknesses. 
3.5. Interworking Between DCOM and CORBA. 
Because both DCOM and CORBA are being used in practice with considerable success, and because of the 
economic implications that result from this fact, it is unlikely that one platform wil I soon overwhelm the 
other. Therefore, interworking between DCOM and CORBA is crucial, not only for system architects, who 
often have to integrate software components of different origin, but also for developers who want to 
maximise their productivity by using the tools they are most familiar with, and thus minimise the learning 
curve associated with working with a new object model [ADA99c][DOLG97]. 
Since CORBA 2.2, the interworking between DCOM and CORBA is part of the CORBA specification 
and"it is achieved by bridges which receive object invocations from a CORBA application, translate them 
into equivalent data structures for DCOM, and have the function call executed in the DCOM application. 
Since from DCOM's point of view the bridge was the client for this call, the bridge will receive the results, 
which it will send back to the actual client inside the CORBA application. In a similar manner, DCOM 
clients can access CORBA objects through bridges. The difficult part of this process is the translation of 
CORBA data structures into DCOM data structures and vice versa, because a bridge is not part of an 
application, 'and thus, it is not given information about application-specific data structures. However, 
without - this knowledge, a bridge can't convert the received byte sequences back into in-memory 
representation of the data [EMMEOO]. 
This problem can be overcome by using either static or dynamic bridges. Static bridges are provided with 
a rich set of data structure definitions that often occur in communications between clients and servers. 
However, this set of data structures is statically compiled into the bridge (i. e. it is fixed). Thus, if at runtime 
a data type is used that is not contained in this set, the bridge will not understand it and will report an error. 
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- The other alternative is the use of a dynamic bridge. Dynamic bridges take advantage of the fact that in 
both DCOM and CORBA information about the interfaces and the data structures is stored for efficiency 
reasons in suitable infrastructure components (type libraries, interface repository). With the knowledge 
obtainable from these IDL repositories, a dynamic bridge can learn about new data types as they occur (i. e. 
at runtime). However, due to efficient caching mechanisms, access to IDL repositories is only needed when 
new data types are discovered. Hence, the performance of dynamic and static bridges is almost the same, but 
the implementation of dynamic bridges is much more complicated than that of static bridges [REDL98]., 
In both cases, the mapping between the DCOM and CORBA object models is implemented in a cqrPpiler' 
The developer of a DCOM component will use this compiler to obtain the interfaces from a DCOM point of 
view. Likewise, the CORBA developer will use the compiler to translate MIDL into CORBA IDL. Trorn then on 
the developer will be unaware that the objects are implemented in a different distributed object technology. 
3.6. The Distributed Processing Environment of Choice. 
Advances in distributed object platforms have been rapid in the past few years. These advances have been 
largely driven by increasing demand for efficient object creation, interaction, management, and distribution. 
Both DCOM and CORBA address these issues, and are increasingly being used to develop new 
telecommunications services as distributed object applications. However, fiu-ther progress is expected, and 
as both technologies are still evolving, it is likely that in the near future they will converge in more areas. 
DCOM is built on a proven desktop component architecture. DCOM-based applications are robust an' d 
perform well, while DCOM's integration into development languages and tools simplifies greatly application 
development. Furthermore, as Windows-based desktop systems exist in nearly all organisations today, these 
organisations will probably choose to use DCOM. Additionally, Microsoft services (NITS, MSMQ, and 
other mainframe integration tools) make DCOM an attractive infrastructure even for large organisations in 
enterprise-wide applications. However, DCOM is not a well-partitioned architecture and relies on a key 
optimisation for a single platform. 
In contrast, CORBA has a more complete and well-defined architecture and provides a better solution for 
heterogeneous environments. It offers advantages in (value-added) services, platform and tool support, 
maturity, and overall architectural integrity. Furthermore, OMG IDL ensures an extensible architecture and 
support for both new and legacy applications. 'Me disadvantages of CORBA are its complexity afid 
variation in vendor implementations. 
Therefore, DCOM is an effective solution for the development of telematic services in Windows based 
environments, particularly by medium and small organisations and departments. On the other side, a 
requirement for multi-platform support or for a choice with the least technological risk will drive an 
organisation towards a CORBA solution. However, such a decision will (should) be highly influenced by 
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more general factors, such as the available Information Technology (IT) resources and skills / experience, 
the IT structural characteristics and its relation to business units of the organisation, the desired level of 
standardisation, and the capability to adopt new technologies [TALL98]. 
. From this discussion and from Section 3.4., it is evident that both DCOM and CORBA can be used as a 
DPE technology in the service execution environment of the proposed telecommunications service engineer- 
ing framework of Figure LL, as they both satisfy Requirement 3 (see Section 1.3. ) and have comparable 
characteristics and equivalent capabilities. However, as the service support environment of the proposed 
framework (which includes the service execution environment) is influenced by TINA-C (see Section 2.5.2. ), 
the main requirements that TINA-C has from a DPE should be satisfied. According to these requirements, a 
TINA-C DPE should at least provide object life-cycle and trading functionality, support multiple interfaces per 
object, and model continuous media interactions using appropriate stream interfaces [CARR96][TIN94a]. 
CORBA provides object life-cycle and trading functionality through the respective CORBA services (see 
Section 3.2.3. ), while DCOM offers object life cycle facilities natively (e. g. through the use of the 
IUnknown interface) and supports a mechanism for locating objects through the use of the registry and the 
NITS (see Section 3.4. L). It has to be noted that although DCOM does not provide itself true trading 
functionality, a trading service for DCOM (based on the RM-ODP trader model) has been designed, 
implemented, and used successfully [OUTH97]. Furthermore, DCOM (and MIDL) allows an object to have 
multiple interfaces, while this is not Possible in any current implementation of CORBA 10. However, this 
shortcoming of CORBA implementations is expected to soon be addressed, as CORBA 3.0 specifies and 
supports components, which allow the composition of multiple interfaces [OMG99]. Finally, CORBA 
prescribes the use of stream interfaces for the support of continuous media communications (see also Section 
6.2. )"[OMG98d], while DCOM does not address this issue at all. Considering altogether the TINA-C 
requirements from a DPE, it is evident that the most appropriate DPE technologies for the service execution 
environment of the proposed framework are DCOM enhanced with the modelling of continuous media 
interactions and an ORB implementing CORBA 3.0 specification. 
I For the rest of this thesis, DCOM is selected to be used because it is comparable with CORBA, it is a 
relatively new technology that presents increased research interest, its significance (and its use) is expected 
to raise very quickly as Windows penetrate more and more the market of the operating systems for enterprise 
servers [PLAT99], and because its serious support and rapid evolution is guaranteed by the commitment of 
ýicrosoft to this technology ". Therefore, DCOM will be enhanced with the support of continuous media in 
10 A common technique to enable this, is to use multiple inheritance and inherit state and behaviour from multiple 
CORBA interfice classes. 11 The - commitment of Microsoft to DCOM increases also the competition with CORBA and motivate in this way 
OMG to speed up the (traditionally) slow standards making process with obvious benefits for distributed object 
technology in general. 
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order to qualify for a TINA-C DPE and it will be used for the implementation of service code in the 
framework of specific service creation activities. 
3.7. Summary and Conclusions. 
" 
In response to major trends in the telecommunications market today and under influence of the emerging 
distributed computing technology the telecommunications industry is embracing distributed object platforms 
as a means enabling the successful participation in the open global services market of the foreseen era with 
new and advanced service offerings under increasing competition in a multi-vendor environment. 
In this realm, this chapter starts by considering the most significant existing de jure and de facto DPES 
(Section 3.2. ). More specifically, after explaining the importance of open distributed processing, it presents 
ISO's / ITU-T's RM-ODP, Open Group's DCE, OMG's CORBA, Microsoft's COM / DCOM and Sun's 
Java RMI focusing on their essential characteristics, and then it evaluates them from the perspective. of 
telecommunications service engineering. During this evaluation attempt it is argued that the various 
initiatives in the field of open distributed processing are complementary and a path to convergencel, is 
proposed which clearly reveals that DCOM and CORBA are the only two DPE technologies that 
hý-ýe 
currently the capabilities to support service engineering activities in an efficient and effective manner. 
After justifying the importance of DCOM and CORBA in Section 3.3., by discussing the main benefits 
that distributed object technology can offer to telecommunications services, the rest of the chapter focuses 
exclusively on the detailed examination of the role of DCOM and CORBA in service engineering. Therefore', 
in Section 3.4. a comparison between DCOM and CORBA is attempted, by constructing an appropriate 
decision framework (based on a number of basic characteristics and on a careftilly selected set of core and 
service engineering related properties), by examining the performance of DCOM and CORBA with a 
suitably structured experiment, and by considering their interworking with the WWW. At the end of this 
comparison attempt it is highlighted that selecting between DCOM and CORBA for a specific service 
engineering activity can be a complicated task, as both these technologies provide a solid infrastructure, have 
a comparable performance, and are equally capable to interwork with the YAW. In general, it is argued 
that both DCOM and CORBA can assist service developers to cope efficiently with the complexity inherent 
in the process of realising telecommunications services as open distributed software applications comprised 
by service components which may be scattered across multiple organisations and distant locations, because 
both support communication and cooperation between service components, allow their identification and 
location, enable software portability, and provide all the other basic functions needed to overcome the 
difficulties of heterogeneity and distribution, which are common in distributed systems. 
Finally, in Section 3.5. the interworking between DCOM and CORBA is examined and in Section. 3.6.. the 
problem of selecting between DCOM and CORBA is revisited once again by discussing the suitability of 
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each one of these platforms in different service provisioning situations. In this section, the main TINA-C 
requirements from a DPE are also taken into account and DCOM is selected as the distributed object 
platform that will be used in the rest of this thesis. 
This chapter is mainly an introductory chapter regarding the main objectives of this thesis (see Section 
1.4. ), and it reveals that both DCOM and CORBA can satisfy Requirement 3 (see Section 1.3. ) and can be 
used as a DPE technology in the service execution environment of the proposed telecommunications service 
engineering framework of Figure LL The research contributions of this chapter, which are among the 
secondary objectives of this thesis (see Section 1.4. ), are the following [ADA98b][ADA99c][ADA00e]: 
The evaluation of the most important existing de jure and de facto DPEs from the perspective of telecom- 
munications service engineering and the proposal of a potential path for their convergence (Section 3.2.6. ). 
9 The discussion about the benefits from engineering telecommunications services as distributed object- 
oriented applications upon distributed object platforms (Section 3.3. ). 
Tbe construction of a decision ft=ework that facilitates the selection between DCOM and CORBA by 
identifying a set of basic, core and service engineering related properties, and examining the way that 
DCOM and CORBA supports these properties (Section 3A, and especially Sections 3.4.1. and 3.4.2. ). 
The examination of the performance of DCOM and CORBA by conducting a suitably structured 
experiment that focuses on their ability to support object interactions commonly used in telematic services 
(Section 3.4.3. ). 
The examination of the ability of DCOM and CORBA to interwork with the WWW and the Internet, and 
the proposal of a number of possible approaches for such an interworking (Section 3.4.4. ). 
The comparison and contradistinction of DCOM and CORBA in the area of telecommunications service 
engineering (Section 3.4. and 3.6. ). 
With this. chapter, all the constituent parts of the proposed telecommunications service engineering 
framework of Figure 1.1. have been examined, except from the service development methodology, which has 
a central role in this framework and is related to one of the main objectives of this thesis. This examination 
will take place in the next chapter (Chapter 4) utilising the main findings of both Chapter 2 and this chapter. 
DCOM will be used during the validation of the proposed service development methodology in Chapter 5 
an d for this reason it will be enhanced with the ability to model continuous media interactions in Chapter 6 
(s .. ee also Section 5.5. ). 
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Ch! ap't6r 4: 
A. Methodology for the 
Development of Telematic Services 
4.1. Introduction. 
The advent of deregulation combined with new opportunities opened by advances in telecommunications 
technolojies has dramatically changed the paradigm of telecommunications services. Due to the evolving 
synergy between information and telecommunications technology, termed telematics, the number and 
capabilities of services is rapidly growing, and services and network infrastructure is expected to be more and 
more unbundled. Services have become increasingly software based, taking the form ofdistributed (multimedia) 
applications operating on DPEs and reusing and combining other already deployed services as well as capa- 
bilities of telecommunication and computing resources [ADA00a]. Furthermore, in the emerging liberalised 
telecommunications market, multiple competing and cooperating players handle the process of creating, 
deploying, and providing new telecommunications services (telematic services) [ADA98a][DELA97]. 
There is much incentive to stay ahead of this global market and offer new and / or improved services before 
the com petition. Pressure on service providers is increased as they need to be able to react quickly and flexibly 
to'ever changing customer needs by developing and offering services of enhanced Rinctionality and signifi- 
cant diversity in shorter time-frames. Therefore, the rapid deployment of new or improved services is critical, 
and the service life-cycle has to accelerate so that new services can be provided fast enough to meet the 
changing customer demands in a competitive manner. However, the fast and cost-effective provision of new 
efficient services requires not only an open service architectural framework, like the one specified by TINA-C 
(see Section 2.5.2. ), but also appropriate support for the service development process [ADA00fl[DEME99]. 
Th e creation of telecommunications services within an open environment is a highly complex activity. 
This complexity stems not only from the technical nature of the tasks involved, but also from the number of 
the participating actors and the variety in their roles, concerns, and skills. Therefore, there is a need to 
support the complex service creation process in order to ensure that resulting services actually perform as 
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planned and as required by customers and service providers [DIDR99]. A methodology is an impor! ant part 
of such an attempt, as it provides a systematic and structured base for the flexible and efficient management 
of the development of telecommunications services, ensuring also that the roles of the participating actors are 
. 
clearly identified and that their behaviours are consistent throughout the whole process of service creation. 
In this chapter, in order to structure and control the service development process from requirements 
capture and analysis to service implementation and testing, to reduce the inherent complexity, and to ensure 
the thorough compatibility among the many involved tasks, a novel TINA-C conformant object-oriented 
service creation methodology is proposed. Its intention is to provide valuable answers to several important 
service engineering matters and thus facilitate the transition to a telecommunications environment where 
many different (enhanced) services are offered by a multiplicity of service providers to several categories of 
customers within an open market. 
As was mentioned in Section 1.4., proposing and presenting such a service development methodology is 
one of the main objectives of this thesis and constitutes an important and central research contribution of it. 
Furthermore, as it was presented in Figure I. J., a service development methodology is one of the main 
constituent parts of the proposed telecommunications service engineering framework and, as the rest of this 
chapter will illustrate and explain, it enables service engineering activities to satisfy Requirements 1, Z. *5,. 8, 
9,11, and 14 1 (see Section 1.3. ). Due to the nature of a methodology for service creation processes and also 
for the reader to fully understand the rational behind it, the important decisions that underpin its structur' 
,C 
and the way that it can be applied, this chapter is extensive, as it comprises several sections (4.6., 4.8.,, and 
4.9. ) that are organised as "super sections", remaining however strongly semantically related with each other. 
Section 4.2. complements the introduction of this chapter (Section 4.1. ) and explains further the nýcesýity 
for a service development methodology by introducing the concept of the service - life-Ocle. ' -Then, ',. 
summarises relevant work found in the service engineering literature and discusses the inefficiencies aýd'the 
shortcomings of the related approaches in order to point out the significance and the novel character of the 
proposed methodology. The importance of this research contribution is fin-ther reinforced by reasoning about 
the weakness of general purpose object-oriented methodologies and RM-ODP to address efficiently the 
service creation process. It is thus evident that this section serves not only as a place for state of the art 
descriptions, but justifies also the decision to propose a service development methodology. 
Section 4.3. considers briefly a number of service modelling issues and reasons about the decision to use 
the UML notation in the proposed methodology. An overview of this methodology is given in Section 4A ýy 
describing its main characteristics and by presenting its overall structure in terms of a number of phases. '. A 
deeper understanding of the proposed methodology is promoted by Section 4.5., which considers important 
issues that underpin the service creation process in the highly competitive environment of service provisýoning. 
1 In fact more requirements are satisfied, but those mentioned are satisfied in a more direct manner. 
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All the phases of the proposed methodology (requirements capture and analysis phase, service analysis 
phase, service design phase, service implementation phase, and service validation and testing phase) are 
presented and examined in Sections 4.6., 4.7., 4.8., 4.9., 4.10., and 4.1 L, focusing on their desired function- 
ality and on the role and purpose of essential service models and artifacts, examining their dependencies and 
illustrating the significance of UML. It has to be noted that each methodology phase is considered as a set of 
interrelated activities and each of these activities is realised by a series of steps. For the most important 
phases of the proposed methodology significant complementary and alternative approaches that can be 
considered by the service developer(s) during a (possible) custornisation of the methodology are identified. 
Finally, Section 4.12. highlights the importance of selecting appropriate software tools for supporting the 
proposed methodology, and Section 4.13. presents a summary of the main findings of this chapter together 
with some conclusions and highlights the research contributions in it. 
4.2. The Need for an Integrated and Systematic Approach. 
An architectural framework is by its definition an abstract entity, which consists of a set of concepts 
principles and a set of guidelines and rules. For this reason, TINA-C is more descriptive rather than 
prescriptive, and its application can be a complex task [RANA99]. Furthermore, there seems to be no end to 
the emergence of new services, each requiring a new set of communications capabilities. In a world already 
replete with a multitude of services, the addition of new intricate services can be a daunting challenge. 
Closely related to this challenge is the concept of the service life-cycle which has a central role in telecom- 
munications service engineering. All services go through a service life-cycle, which contains descriptions of 
activities, in the form of an ordered collection of steps or processes, that are required to support the 
development, the operation, and the maintenance of a service [DELA97][MUDH94]. The logical grouping of 
these activities gives rise to a number of distinct sets, which are known as stages (service creation, service 
deployment, service operation / utilisation, and service withdrawal). Further grouping of the activities within a 
stage gives rise to the concept ofphases (or actions). The description of the phases includes all the essential 
d etails of the activities that take place in a given stage. The service life-cycle establishes a common termi- 
nology to be used when discussing a service, and thus facilitates a common understanding of service matters. 
. Figure 4.1. depicts a graphical representation of a service 
life-cycle, which is an enriched variation of the 
TINA-C life-cycle model E[TN97a]. The rectangles are the phases / actions, while the ellipses are the main 
s. tates that a service goes through. In this figure, the following states are identified: 
Conceived but not planned: The service has been conceived, but no details about its implementation are 
known. 
Planned but not installed. 'Me service has been planned, but it does not exist in a (TINA-C) service 
execution environment (although it might have existed in the past). 
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e Installed but not activated: The components of the service exist in a (TINA-C) service execution 
environment, but the service cannot be instantiated. 
e Activated but not instantiated: The service has the potential for being instantiated. 
4, Instantiated (executing): An instance of the service is available. 
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The service life-cycle of Figure 4.1. is a combination of traditional software engineering methodologies 
(focusing on development issues) with the activities required to operate, use, and maintain a' serVice 
(focusing on post-development issues) [BERN94][DECL97]. It should be noted that it is not a strict 
waterfall model (it is not a strict top-down approach) of system development [JAC096]. It is possible, in 
each phase of the life-cycle (and especially in the service creation phases) to return to a previous phase'if 
refinements are needed and / or requirements are added during the service development. 
in ervi ri Among all the stages of the service life-cycle of Figure 4.1. (in TINA-C and s ce enginee ng in 
general) service creation is one of the most abstract and general, since there are not many detailed guidelines 
(advisory statements) available on how to structure each of its phases. Furthermore, it is also one of the most 
important as it determines the efficiency with which the services will be developed and thus the success of 
service providers in a highly competitive market, where the main strengths of a service provider is the 
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diversity of its service portfolio and the ability to respond to new market demands quickly (see also Sections 
I. I. a nd 2.6). In such a competitive environment efficient service creation enables the fast launching of new 
services without compromising the overall service quality. 
For this reason, considerable effort is being devoted in Europe and world-wide to the definition of 
advanced service creation practices. The necessity for appropriate methodological support during service 
development is highlighted by both OSA, which clearly states that "... only the combination of architecture 
and methodology will meet the required expectations on long-term efficiency of service creation, provision 
and managernent" [RACE95], and TINA-C, which emphasises its importance [BERN94]. Furthermore, both 
these two architectural frameworks recognise the need to (gradually) leave behind service creation practices 
that are market and technology dependentý as it is clear that they can't address the requirements imposed on 
service engineering activities by the emerging telecommunications environment (see Sections 1.1. and 1.3. ). 
Such practices, which are not complete methodologies, were the result of the proliferation and widespread 
adoption of specific technologies, and in many cases are still under use, although their problems and 
inefficiencies are more and more visible. More specifically, the three stage method used for defining services 
in ISDN implies a traditional telecommunications model where the underlying signalling protocols need to be 
updated for each new service [ITU88]. Furthermore, in the IN Conceptual Model (INCM), the existence of a 
Basic Call Process (BCP) on the Global Functional Plane (GFP) is mandatory. Short term IN is therefore 
con . strained to address only services that can be expressed as extensions to the BCP, i. e. telephony based 
services [ITU93a]. 
The first attempt to facilitate the service creation process in a technology independent manner considering 
the fundamental restructuring that the telecommunications industry is undergoing, took place in the RACE 
I 
project ROSA (see Section 2.5.3. ), which accompanied the service architectural framework that it proposed 
with a number of guidelines for the development of services (the ROSA methodology) [OSHI92][RACE92]. 
These guidelines were expressed in a more detailed and structured manner 2 in a related RACE project, 
forming the Eurobridge methodology [MAH0931. In the same direction, service creation matters where then 
examined in the ftamework of IN [EUR94b][EUR97c] and by the RACE projects SCORE [RAC94a] and 
BOOST [RACE96], which however focused mainly on SCEs (see Section 2.6. ). 
Furthermore, there are several other attempts to define methodologies in the area of service engineering, 
although most of them are not directly related to service creation and they are not expressed at the 
appropriate level of detail 3. [ACT96b] proposes the Performance Evaluation Methodology (PEM) for 
evaluating the impact of mobility functions on a service architecture and [ACT98d] discusses the Prospect 
2 Despite their characterisation as a methodology, these guidelines were very far from being able to qualify as a 
service development methodology. 
3 -The references that are given in this paragraph are indicative and not exhaustive. 
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methodology for the design of multi-domain management services in an open services -environment. 
[EUR97b] describes a user-centred method that improves the user-friendliness of telecommunications 
services by taking into account usability and human factors tools and techniques, and [BYER9 I], [BYER92] 
and [BYER93] present the enabling states method, which starts with an analysis of the usage context and the 
human end-user's goal tasks, and produces a specification of the service requirements promoting a user- 
centred design. [GASP96] and [OLDE98] propose an approach for the development of distributed services 
based on the ODP viewpoints. [ELJR98b] and [DELA97] examine a methodology for the design of 
distributed management systems for multimedia services, and [LEW199] propose a methodology for- the 
development of open service management systems. Finally, [STR198] discusses a methodology for the speci- 
fication and design of multi-domain management systems in a distributed telecommunication environment, 
and [DEPU98] presents a methodology for interoperable network and service management system design., 
The most important from all these approaches is the one proposed by the ACTS project SCREEN (see 
also Section 2.6. ), which focuses on component-based service creation [ACT97a][ACT99a]., 'More 
specifically, according to SCREEN, the construction of a service should ideally consist of the simple activity 
of assembling together already built "pieces" of services commonly referred to as components, which are the 
units of construction and reuse. For this reason, SCREEN has established a component library that enables 
the storage, management, and easy browsing and retrieval of reusable component representations. Thus', in 
an ideal setting and for relatively simple services, a service developer should be able to define the logic of an 
entire service, by simply selecting the appropriate components from the component library and connecting 
them together. For building new components and for customising the already existing ones, SCRE EN 
provides a (kind oo service creation methodology (see also Section 2.6. ). However, this methodology (which 
is actually a service creation practice), except from being abstract, focuses mainly on the service design 
phase, underestimating all the previous phases, and is heavily based on SDL (see Section 4.9.8. '7'&i'the 
implications of using SDL), ignoring UML. Therefore, the SCREEN methodology can be'considered 4s''a 
loosely-coupled framework, incorporating mostly service design related guidelines and technologies, that 
fails to efficiently support the entire service creation process. 
Additionally, important disadvantages of the SCREEN approach, that characterise in general component- 
based service creation practices [VERSOO] [ZAVE98], are the following: 
Service developers focus on the service design underestimating or even completely ignoring actiyitiýs 
related to the elicitation of requirements and service analysis. In this way, the possibility of having a. 
service design that doesn't reflect (correctly or even at all) the real service requirements, and thus 'a 
telematic service that is not acceptable by its users, is increased. 
Maintaining a (not trivial) telematic service that has been constructed by assembling reusable components 
is a difficult task, because the semantic origin of these components is not known. * Due to'the , 
lack Of 
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-'(proper) requirements elicitation and service analysis results, when a feature of the service has to be 
changed, the components that should be modified can be found only in ad-hoc ways. 
Criteria for determining the usefulness and suitability of a reusable component when creating a telematic 
service are not specified. Therefore, the possibility for poor choices that can lead to unnecessary complex 
service designs (especially when the service developer is not experienced) is increased. 
There is significant dependence on the quality and completeness of the available library of reusable 
components. In general, it is very hard to foresee in advance all the different needs of services to be 
constructed and have the right (properly designed) reusable components available. Furthermore, there is a 
lack of commercially available service component libraries and the efficient management of these libraries 
is still a significant unsolved problem. 
Creating carefully designed reusable service components is a difficult task and can increase significantly 
the cost for creating a telematic service [GRA95a]. Thus, there is always a temptation to develop a service 
as quickly as possible even at the expense of future reusability. 
From these remarks, and taking into account the inadequacy of general purpose OOAD methodologies for 
service creation purposes (see Section 2.3.3. ), the necessity for a service development methodology is 
evident. Such a methodology can be combined with component-based service creation practices, offering an 
efficient, realistic, integrated, and systematic approach for the development of telematic services. 
Finally, the need for a service development methodology is reinforced when considering ODP. As is 
mentioned in Section 3.2.1., ODP offers a conceptual background (a meta-framework) by providing a 
reference model and powerful concepts to support the specification and design of distributed systems. 
Moreover, the use of different viewpoints advocated by ODP, with each viewpoint specifying the original 
system by taking into account different concerns, allows the inherent complexity of distributed systems to be 
reduced and make their specification more understandable. However, ODP does not provide any methodo- 
logical support to facilitate the modelling inside each viewpoint or to enable the specifications in different 
viewpoints to be linked. It does not offer a methodology that starts from enterprise views and proceeds 
through all the viewpoints establishing the appropriate models in an integrated manner. 
In order to meet the challenges identified in this section, a service creation methodology is proposed with 
the, int&ntion to accelerate the service life-cycle so that new and enhanced services can be developed and 
deployed at a faster rate, in a cost effective manner, without making quality compromises in an open 
deregulated multi-provider telecommunications market place. This methodology, given a set of requirements 
that a service should meet, a set of the available service independent features (normally in the form of service 
components), and a target TINA-C compliant DPE wherein the service will be deployed, facilitates the 
design and implementation of a TINA-C compliant service, which meets the desired requirements by 
promoting the use of the service independent features [POLY98]. 
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4.3. Modelling Issues. 
A telematic service, due to its (potentially) enhanced functionality and its inherent distributed nature, is 
usually overwhelmingly complex and thus it is necessary to decompose it into understandable parts 
segments in order to fully comprehend its semantics and manage the complexity. These parts / segments may 
be represented as models which describe and abstract essential aspects of the telematic service. 
Therefore, a useful activity during the development of a telematic service is to. create, models. ofthe 
service, which organise in a concise way and communicate with accuracy the important det4ils _ 
of, 
telematic service under examination. These service models should contain cohesive, strongly related elements 
and are usually composed of other (simpler) models or artifacts, comprising basically diagrams and 
documents which describe concepts and entities and reveal the relations between them. 
Service models in the proposed methodology are presented using the Unified Modelling Language (UML), 
which is an emerging industry standard for specifying, constructing, visualising, and documenting software- 
intensive systems [BOOC98][EVITOO]. UML is an elegant, expressive, and flexible object-oriented modelling 
language, capable of supporting effective and consistent communication and of enhancing the abilitk to 
understand and act. Although UML must be applied in the context of a process, it does not define a standard 
development process, as it has been experienced that different organisations; and problem domains require 
different processes. Tberefore, UML consists only of a metarnodel (which unifies semantics) and a notation 
(which offers a human rendering of these semantics). It has to be noted tha% the recently proposed Unified 
process is actually a "customisable frameworle' incorporating the use of UML (see Section 2.3.3. ) [JAC099]. 
UML'was chosen as the main modelling notation for the proposed methodology because: 
It provides service designers and service developers a ready-to-use, expressive, visual modelling language 
so that they can develop easily and exchange efficiently meaningful and consistent service models: 
It provides extensibility and specialisation mechanisms to extend the core concepts and thus it can be 
tailored to the specific needs of telematic services. 
" It is independent of particular programming languages and development processes. 
" It provides a formal basis for understanding the modelling language. 
" It encourages the growth of the object-oriented software tools market and thus the availability of 
appropriate tool support for the entire service creation life cycle is guaranteed. 
" It supports useful higher-levcl development concepts, such as collaborations, frameworks, (design) 
patterns, and components. 
e It integrates best practices from popular first-generation object-oriented analysis and design methods. 
The overall telematic service model that is created when applying the proposed methodology to -the 
development of a specific telematic service can be seen in Figure 4.2. and is composed of the service 
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analysis model and the service design model. The former is related to an investigation of the domain of the 
teiematic service (service domain), which constitutes the problem space under examination, while the latter 
is related to a (logical) specification of the constituent parts of the telematic service. 
Talematic 
Service Model 
Service Analysis Servoce Design 
Model Model 
Figure 4.2.: The overall telematic service model. 
In the proposed methodology, independent of how artifacts are organised into service models, there are 
influential dependencies between them. It is useful to understand these dependencies so that consistency 
ch ecks and traceability can be achieved, and so that dependent artifacts are effectively used as input to creating 
I at er artifacts [LARM98]. Finally, it has to be stressed that the overall modelling approach followed by the 
proposed methodology is strongly influenced by the MVA-C service architecture and by the modelling 
guidelines and rules that it encompasses [LEV198][TIN97a]. Iberefore, telematic services are considered as 
software-based applications that operate on a distributed computing platform (a DPE). They are realised by 
a set of interacting service components (i. e. computational objects interacting via their computational 
interfaces), which are distributed across different network elements. 
4 4. Overview of the Proposed Methodology. 
Telecommunications operators need to master the complexity of service software, because of the highly 
diversified market demands, and consequently, because of the necessity to quickly and economically develop 
and introduce a broad range of new services [DECL97][MOSS95]. To achieve such an ambitious, yet 
s trategic to the telecommunications operators goal, a service creation methodology based on the rich 
conceptual model of TINA-C is proposed. 
A methodology is considered to be a coherent and integrated set of methods / procedures from which a 
coherent subset can be selected by developers for particular cases. A method / procedure is a systematic way 
to achieve a specific goal ý It is implemented by techniques, and some techniques are supported, or 
automated, by tools [ADA98a][DELA97]. Therefore, the proposed methodology contains a conceptual 
model of constructs and a series of guidelines, essential to the development of telematic services, together 
with a set of ordered activities, realised by a number of specific steps, suggesting the direction to proceed. 
4, Methodology is a Greek term meaning "the study of methods". However, the term "methodology" is pragmatically 
well established within the field of information systems to mean the same as the term "method" [JAYA94]. 
Therefore, in this thesis the two terms are used interchangeably, although the term "methodology" is preferred. 
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Figure 4.3.: Iterative service development cycles in the proposed methodology. 
A high-level or macro-level view of the proposed service creation methodology can be seen in Figure 4.3. 
The proposed service development process is based on an iterative and incremental, use case driven 
approach. An iterative service creation life cycle is adopted, which is based on successive enlargement and 
refinement of a telematic service through multiple service development cycles within each one the telematic 
service grows as it is enriched with new functions. More specifically, after the requirements capture and 
analysis phase, service development proceeds in a service formation phase, through a series of service 
development cycles. Each cycle tackles a relatively small set of service requirements, proceeding through tlýe 
phases of service analysis, service design, service implementation, and service validation and testing 
5. The 
telematic service grows incrementally as each cycle is completed. The main benefits of adopting such an 
iterative and incremental process are the following: 
The complexity is never overwhelming, because only manageable units of complexity are tackle'd'in"a 
service development cycle. 
Early feedback is generated, because implementation and testing occurs rapidly for a small subset of the 
telematic service. This feedback is an important source of information that can enhance the service 
analysis and the service design phases of subsequent service development cycles. 
The service developers of the service development team can gradually reapply their growing experience 
and maturity with the tools and the techniques / guidelines / practices proposed by the methodology in 4 
more and more efficient and effective manner. 
4, Service requirements can be adjusted (if necessary), as the telematic service is under development. 
3 These phases are actually subphases of the service forniation phase. 
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The proposed methodology recognises the value and the importance of TINA-C in the service engineering 
area, and therefore it considers seriously the entire architectural framework that is presented in a set of 
TINA-C documents 6 (see also Section 2.5.2. ). However, it does not adopt everything that is prescribed by 
TINA-C. On the contrary, it critically examines and evaluates the approach that is proposed by TINA-C, 
and selects only certain parts of it (see also Section 4.9.8. ). In this way, the proposed methodology is 
espe*ciall influenced by the T1NA-C service architecture [TIN97a]. More specifically, as can be seen in 
more detail in the following sections of this chapter, it adopts a set of important concepts (e. g. the concept of 
a session), the TINA-C business model, a number of information models, some information and 
computational guidelines, and the generic service components (their purpose and part of their fimctionality) 
that are proposed by TINA-C. 
According to Figure 4.3. the main phases of the proposed methodology are the following: 
Requirements capture and analysis phase: It identifies the telematic service requirements (together with a 
number of roles), examines them in a critical manner, process them appropriately, and presents them in a 
structured way. Use cases are defined to facilitate the further refinement of the requirements. 
Service analysis phase: It describes the semantics of the problem domain that the telematic service is 
designed for. Thus, it identifies the objects that compose a service (information service objects), their 
types, and their relationships. 
Service design phase: It produces the design specifications of the telematic service under examination. 
Computational modelling is taking place in this phase and thus the service is described in terms of (TINA-C) 
computational objects interacting with each other. 
o Service implementation phase: In this phase the pieces of the service software (computational objects) are 
defined and implemented in an object-oriented programming language (e. g. C++, Java), inside a TINA-C 
compliant DPE. 
e Service validation and testingphase: It subjects the implemented telematic service in a variety of tests in 
order to ensure its correct and reliable operation. 
Service optimisation phase: It examines thoroughly the service code in order to improve its performance in 
the. tirget DPE and thus prepares the telematic service for a successful deployment. 
As can be seen from Figure 4.3., the proposed methodology is conceptually consistent with the viewpoint 
separation as advocated by TINA-C in accordance with the RM-ODP and uses the service life-cycle of 
Figure 4. L as a roadmap. Therefore, it does not imply a waterfall model in which each activity is done once 
for the entire set of service requirements, because the traditional waterfall model for software development 
with its sequential phases is inadequate to support the development of telecommunications services. Its limi- 
6 'Mese documents are publicly available and can be found at the official TINA-C web site (http: //www. tina-c. com). 
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tations lie in the possibility for causing complexity overload and delayed feedback, and in the lack of support 
for specific telecommunication features and such advanced concepts as reuse, the exploitation of rapid 
prototyping techniques for iterative requirements specification, and the evolutionary nature of service creation. 
Graphical and textual notations are proposed in each phase in order to improve the readability of the 
related results and ensure a level of formalism sufficient to prevent any ambiguity. The proposed use _of 
the 
Unified Modelling Language (UML) notation in almost all the phases of the methodology, has the advantage 
of making both the service description more coherent and the process of proceeding from one phase to 
another more natural and efficient [LARM98]. For this reason, TINA-C could also consider UML in', a 
future version of its computing and service architectures. 
In the following paragraphs, a number of important issues regarding the proposed methodology as a whole 
are considered and the most important phases of the methodology are examined focusing on their essential 
characteristics and artifacts (ADA00fl. The service optimisation phase has been omitted, because it depends 
highly on the selected programming language and on the target DPE. 
4.5. Important Methodological Considerations. 
The proposed methodology specifies a service development process from the identification of seryice 
requirements through to the actual implementation of a telematic service. This service development process, 
except from the fact that it organises all the activities related to the creation of telematic services, - -it 
also 
provides a foundation for creating a manageable, repeatable, and successful service developmentprqieýct. % It 
has to be noted that a service development process is also related to broader issues (service project, issues), 
such as the complete life-cycle of a telematic service (and not only service creation, see Figure 4. L), 
documentation, budget management, support and training, parallel team interaction, project management, 
and coordination between parties. Tbesc issues are out of the scope of the proposed methodology. 
The most important phases of the proposed methodology are the requirements capture and analysis phase, 
and the phases of service analysis and service design which are performed inside repeated service develop-. 
ment cycles. A useful approach is to bound each of these cycles within a rigidly fixed time frame (a time-box). 
All work related to a specific cycle must be accomplished in that time frame. Depending on the telernatic 
service under examination, a time frame ranging between two weeks and two months is usually appropriate 
[JAC099]. Any less, and it is difficult to complete tasks; any more and the complexity becomes overwhelin- 
ing and feedback is delayed [LARM98]. To succeed with a time-box schedule, it is necessary to, choose the 
service requirements carefully, as iterative service development cycles are organised according to the identi- 
fied use case requirements, i. e. the process is broken in steps as it will be discussed later (see Section 4.6.9. ): 
To successfully create a telematic service, a clear description of the problem and of the service require- 
ments is necessary (i. e. what the problem is about and what the telematic service must do). It is also necessary'. 
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to have high level and detailed descriptions of a logical solution which fulfills the identified service require- 
ments and satisfies any potential constraints. Service analysis emphasises an investigation of the problem 
rather than how a solution is defuied, while service design emphasises the construction of a logical solution 
. 
according to the service requirements. Ultimately, the service specifications produced by the service design 
phase will be implemented in software with the appropriate use of computing and networking infrastructure. 
Service development is complex and therefore decomposition ("divide-and-conquee) is the primary 
strategy considered to deal with this complexity by breaking a telematic service up into manageable units. 
The proposed methodology applies object-oriented analysis and design, which emphasises the consideration 
of a problem domain and an associated logical solution from the perspective of objects (things, concepts, or 
entities) [ADA98c][BOOC98]. Therefore, during the (object-oriented) service analysis phase there is an 
emphasis on finding and describing the service concepts (service information objects) in the service domain, 
whose boundaries are determined, as accurately as possible, during the requirements capture and analysis 
phase. Furthermore, during the (object-oriented) service design phase, there is an emphasis on defining 
logical (software) service objects (service computational objects or service components) with attributes and 
methods that will ultimately be implemented in an object-oriented programming language, such as C++ or 
Java, inside a TINA-C compliant DPE during the service implementation phase. 
It has to be stressed that the division between service analysis and service design is fuzzy. In service 
engineering (and sometimes in other disciplines also), analysis and design work exists on a continuum, and 
different practitioners of service analysis and service design classify an activity at varying points on the 
continuum [DECL97][POLY98]. Therefore, it is not helpful being rigid about what constitutes a service 
analysis versus a service design step. Nevertheless, some consistent distinction is useful in practice between 
investigation (service analysis) and solution (service design) because it is advantageous to have a well-defined 
step that emphasises an inquiry into what the problem is before examining in detail how to create a solution. 
Irrespective of the exact scope of service analysis and service design, the most important ability in both these 
t wo phases is to successfully assign responsibilities to service components [DELA97][LARM98][VERSOO]. 
This is the most critical skill, because this activity must be performed and it has the most profound effect on 
the robustness, maintainability, and reusability of the resulting service components, which are the main 
building blocks of telematic services. Assigning responsibilities is inevitable even when a service developer 
hasn't got the opportunity to perform any other service analysis or service design activities (a "rush to code" 
service development process). Next to assigning responsibilities, another important activity is finding 
suitable service objects or abstractions. Both activities are critical, but responsibility assignment tends to be 
the more challenging skill to master, as it is difficult to devise and apply guidelines for this activity. 
Finally, the timing of the creation of some artifacts during the application of the proposed methodology 
needs to be discussed and examined. More specifically, certain artifacts created during the service analysis 
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phase, such as a service conceptual model and expanded use cases, may also be created during the 
requirements capture and analysis phase. 
A service conceptual model is a graphical representation of service concepts in the service domain, under 
examination (see also Section 4.8.3. ). The amount of effort applied to the creation of a draft. servic: "ý 
conceptual model during the requirements capture and analysis phase needs to be tempered. The goal is to 
obtain a basic understanding of the vocabulary and concepts used in the service requirements. Therefore, a 
fine-grained investigation is not required, as it also increases the possibility of front-loading the investigation 
(complexity overload). The recommended strategy is to quickly create a rough service conceptual model 
where the emphasis is on finding obvious service concepts expressed in the service requirements while 
deferring a thorough investigation. Later, within each service development cycle, the service conceptual 
model will be incrementally refined and extended for the service requirements under consideration within that 
cycle. Another possible strategy is to completely defer creation of the service conceptual model until the start 
of the service development cycles. This has the advantage of deferring complexity, but the disadvantage of 
less up-front information, which may have been useful for achieving better comprehension. 
Another artifact that the timing of its creation needs to be examined is use cases (see also Section 4.6.4. ). 
During the requirements capture and analysis phase it is proposed to create all the high-level use cases, but to 
only rewrite the most critical and important use cases in an expanded (long) format, deferring the rest until the 
service development cycle in which they are examined. As with the service conceptual model, there are trade- 
offs in terms of the benefit of the early acquisition of information versus facing too much complexity. The 
advantage of investigating and writing all the detailed expanded use cases during the requirements capture and 
analysis phase is more information which can improve comprehension. However, the disadvantage is early 
complexity overload, as this investigation will generate many more detailed issues. Furthermore, the expan 
I 
ded 
use cases may not be very reliable because of incomplete or incorrect information, and because the service 
requirements may be under continual change. Therefore, the recommended strategy is to expend effort 
investigating only the most important use cases in detail during the requirements capture and analysis phase,.. 
4.6. Requirements Capture and Analysis Phase. 
During this phase the service developer assembles, documents, and structures the requirements on the service 
(service requirements, service needs) from the different stakeholders involved. The focus is on modelling the 
concepts that are visible at the service boundary and thus the service logic is viewed as a black box. - The 
requirements capture and analysis phase is a critical phase because the correct and thorough specificatiorý of 
the service requirements is essential for a successful telematic service. The primary goal of this phase is to 
identify what functionality is really needed to include in the telematic service (i. e. which are the desired 
service processes) and document it in a form that is easily understandable and unambiguous. 
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Figure 4.4.: Requirements capture and analysis phase activities. 
- The activities that take place in this phase can be seen in Figure 4.4. Although this figure suggests a 
linear order of artifact creation, that is not strictly the case. Some artifacts may be created in parallel. This is 
especially true for the draft conceptual model, the glossary, the use cases, and the use case diagram(s). The 
dependencies between the artifacts produced during the requirements capture and analysis phase can be seen 
in Figure 4.5. The activities of this phase are examined in the following sections. 
4.6.1. Definition of a Service Development Plan. 
The requirements capture and analysis phase starts with an attempt to specify a service development plan. 
This plan is a structured document containing information about important matters that affect the entire 
service development process. The exact nature of the service development plan is the responsibility of the 
service developer (or the manager of the service development team) and depends on the nature of the 
telemitic. service under examination and his / her perception of the problem domain. However, there are 
some matters that is proposed to be addressed during this activity. 
First of all, it should be stated that the service development methodology examined in this chapter will be 
applied. If a customised version of this methodology is intended to be used then the differences / variations 
from the original methodology should be clearly described and / or pointers to related documentation (if any) 
should be given. 
The service development plan should also include information about the organisation / enterprise that 
requested the development of the telematic service under examination (the client). For example, it should 
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mention the main business objectives / targets of the client; any special requirements that the client has on 
the service (e. g. the use use of a particular technology), its general attitude regarding IT and telecommunica- 
tions, etc. Furthermore, the plan should also specify the service developer(s) that will take part in the service 
development process, together with their knowledge and expertise. 
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Figure 4.5.: Requirements capture and analysis phase artifact dependencies. 
The required infrastructure for the development of the service is another matter that should be addressed by 
the service development plan. More specifically, it should identify and propose the necessary computing and 
network infrastructure and the necessary software tools. Based on the availability of the proposed infrastru- 
cture, the client's requirements (if any), and the knowledge / expertise of the service developer(s), this activity 
should also initiate the process for selecting a programming language and a DPE 7 (see also Section 3.4. ). 
Finally, a schedule considering all the phases of the proposed methodology should be created during this 
activity. I lowever, as a timc-box approach based on use case requirements is proposed (see Section 4.5. ) this 
task is postponed for later in this phase (see Section 4.6.9. ). 
It has to be noted that this activity can act as a link between the proposed service development process anif 
broader service project issues. Therefore, the service developer, depending on his / her judgemen%. inay 
include some service project issues (or references to the appropriate documents) that he / she expects to have 
a significant impact on the service development process (e. g. the available budget). 
Taking into account the above mentioned guidelines and remarks, this activity consists mainly of the 
following steps 8: 
ý=-], Specify the exact service development methodology that will be used. 
&C 2L Provide important information about the client organisation / enterprise. 
2e B 3: Specify the service developer(s) that will participate in the service development process. 
7 The selection process that is followed is outside of the scope of the proposed methodology. However, it is stiessed 
that such a process is not always an easy task [ADA99c]. 
It has to be stressed that the main purpose of expressing an activity as a sequence of steps is to present the main 
points pertaining this activity in a concise and organised manner. Therefore, they are used to provide a'quick 
overview of the methodology (see also Appendix B), but they can't substitute the detailed examination of the 
phases of the proposed methodology that takes place in the current chapter. 
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Sten 4. Specify the required computing and network infrastructure, and the required software tools. 
Step 5: Initiate a selection process for a programming language and a DPE that will be used for the 
implementation of the service. 
Ue 6: Mention and examine all other matters that affect the service development process. 
4.6.2. Creation of a Preliminary Investigation Report. 
The'service developer after gathering enough material regarding the telematic service under examination 
with various means (e. g. interviews, group meetings, study of related documents, etc. ) and in various forms 
formats (e. g. notes, sketches / graphs, audio recordings, etc. ), attempts to process this material and structure 
it appropriately in order to elicit from it a set of requirements. 
This effort of the service developer is reflected in the preliminary investigation report. More specifically, 
this report contains the outcome of the process that resulted to the identification of the most important 
service requirements and an initial attempt to structure and process these service requirements. 
The necessary steps for the creation of a preliminary investigation report are: 
Lej2 1: Gather useful information regarding the telematic service under development. 
The starting point of this step, which will also reveal the degree of commitment of the client is to, identify 
accurately key users and domain experts (from the client organisation) and assess their suitability, 
availability, and willingness for acting as sources of information. Depending on the result of this assessment 
and if the client commitment is substantial, several fact finding techniques can be applied. The most 
important and effective of them is interviewing selected people in a structured and focused manner, either 
individually or by conducting workshop sessions (Joint Application Development - JAD workshops) 
[AVIS95]. Interviews can be complemented by background reading 9, observation, document sampling 
review, informal brainstorming group sessions, process flow analysis, the use of questionnaires, role- 
playing, and the application of selected knowledge acquisition methods, like Kelly grids (or repertory grids), 
object templates, and task / topic analysis [GRA95a]. 
ý It has to be stressed, that most of these techniques, in order to be truly effective, require an increased 
ability for interpersonal communication and experience in human relations. However, if these techniques are 
applied correctly can, not only elicit the required information, but also ensure the continual and effective user 
involv ement throughout the development of the service, maximising in this way the chance of success. This 
is an important consequence, as user involvement is expected and promoted by the proposed methodology. 
More specifically, due to the iterative and incremental nature of the methodology, users have an active role 
and (can) express their opinion regarding the telematic service under development at the end of every service 
9 Especially about the wider application domain that encompasses services like the one under development. 
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development cycle. This can also happen during a service development cycle with the application of rapid 
prototyping techniques (see Section 4.6.7. ). 
Special attention is needed when the proposed methodology is applied for the development, not. of a 
completely new telematic service, but for a service that is going to replace an already existing service. The 
new service can either be entirely different from the old one, or a variation / evolution of the old service. In 
these cases information should also be gathered about the existing service, emphasising the reas ons 
(weaknesses, problems) that initiated the decision for its replacement. It is evident that any available 
information regarding the analysis and design of the old service will speed up considerably the application of 
the proposed methodology for the development of the new service and (consequently) will cause changes to 
the service development plan (see also Section 4.6.1. ). 
, ýfep 2: State in a concise manner the main objective of the service. 
After critically examining the material that was gathered regarding the telematic service, the Main 
objective that the service should fulfil after its creation, is expressed in a concise manner using one or two 
sentences (5 to 8 lines). This statement answers the question "Why the specific telematic service is to be 
developed? ". It represents the minimum information that the service developer(s) should know before 
starting to apply the proposed methodology. Furthermore, it helps them to identify the problem domain and 
makes them focus on the solution that they have to provide. 
SICp 3- Analyse the constituent parts of the main service objective. 
Each word or phrase (depending on the semantics) contained in the statement produced in step 2 is 
analysed briefly with the intention to interpret its real meaning and express it in a clear and unambiguous 
way. It is evident that the effectiveness of this analysis depends on the quality of the information, that was 
gathered in step I and if done correctly will significantly assist the service developer(s) to understand the 
dimensions and the scope of the service development problem. 
Re - Identif j2 4. y the initial service requirements. 
Based on the analysis that took place in the previous step the most important service requirements are' 
identified and presented concisely. These service requirements are termed "initial service requiremente" 
because they are expressed in an abstract and relatively vague way. 
Le4 L Structure the identified initial service requirements. 
The initial service requirements that were identified in step 4 are divided into categories according to the 
functionality that they imply. These categories were devised based on the observation that every telematic 
service involves at least two communicating entities (which can be considered as a group): either two 
humans (as in the case of videoconferencing) or a human and a "machine" (as in the case of video. o4 
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demand). These entities when communicating with each other form a session (see also Section 2.5.2. ) which 
is necessary to be managed. They also have to interact in some way (e. g. by establishing audio / video links 
between them), as interaction is required in order to be able to justify the existence of a telernatic service. 
. Furthermore, in some cases, the communicating humans need to collaborate in order to perform a common 
task., This collaboration can be either synchronous or asynchronous as can be seen in Figure 4.6. 
[PAPA99][RODD91]. Synchronous distributed collaboration is more challenging because the participating 
humans must be present at the same time in order to perform their collaborative work, and thus support of 
real-time communication is necessary. However, in practice, work often switches rapidly between synchronous 
and asynchronous mode, and thus, usually, there is a need to support both types of collaboration. 
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Figure 4.6.: The collaboration space-time matrix. 
For these reasons, the initial service requirements are categorised in the following way: 
Group communication support requirements: 
Session related requirements: Examples are the support of service creation, suspension, and shutdown. 
-Interaction requirements: Examples are the support of audio / video, text and file communication. 
* Collaboration support requirements: 
-Synchronous requirements: Examples are the support of chat and voting. 
--ýAsynchronous requirements: Examples are the support of file transfer and electronic mail. 
ýý 
It has to be noted that the fulfilment of the interaction requirements can support implicitly, unintentionally, 
and (usually) inefficiently the collaboration between the users of a service. To emphasise the importance of 
collaboration and to support it efficiently, collaboration support requirements are identified separately from 
the' group communication support requirements, although they have a relation with them. Collaboration 
support requirements are usually more complex from the other requirements as they presuppose the 
fulfilment of some (or all) of the group communication requirements. 
Both steps 4 and 5 represent an attempt to extract the main service requirements from the information that 
was gathered in step I and structure them in a simple, but practical and intuitive manner that will facilitate 
tlýeir. fiuther exploitation from the service developer(s). 
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SLej2 6. - Consider the TINA-C Business Model. 
One of the most important tasks that the service developer has to perform in this phaseAs' 
ihe 
identification of the independent actors / entities, which are involved (by their collaboration) in the operation 
of the service within and across business administrative domain boundaries (actors of the service). ' These 
actors correspond to roles modelling a well defined grouping of functionality under control of a specific 
stakeholder [WIND98]. Due to its virtual nature, a role can be carried by one or more persons atl a, time. 
This initial task is important because the gathered service requirements are finther structured in the service 
analysis and service design phases by considering the identified roles and the relationships between them. 
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Figure 4.7.: The TINA-C Business Model (roles and relationships). 
A role can be either generic or specific. The main generic (business) roles are specified by the TlNjN: -C 
Business Model [TIN97b], which can be seen in Figure 4.7., and each of them (consumer, retailer, -broker, 
third party service provider, connectivity provider) is considered to be performed by a separate business 
administrative domain. Each generic role corresponds to one or more specific roles. One or more persons 
(actors) can carry out a specific role (role-holders). There are two kinds of specific roles; namely, service 
independent roles, and service dependent roles [TIRO98]. It has to be noted that the service dependent 
specific roles, in combination with the information gathered in step 1, reveal in a relatively straightforward 
way the actors of the telematic service. For example, a "teacher" represents a service dependent specific role 
in an interactive teletraining service and "teacher Jones" is an actor of that service. Common service 
independent specific roles that can be associated with the consumer generic role are the roles of the end-user, 
the anonymous user, and the subscriber. The TINA-C Business Model specifies also the following (business) 
relationships (shown in Figure 4.7. ): Retailer (Ret), Broker (Bkr), Third Party (3pty), Retailer-to-RetaiIer 
(RtR), Connectivity Service (ConS), and Terminal Connection (TCon) [PROZ97][TIN97a][TIN98b]. 
From Figure 4.7. it can easily be deduced that business administrative domains interact with each other in 
order to provide a specific telematic service. These interactions can be access interactions and usage 
interactions (service usage and communications usage interaction), and correspond to the different tY pes of 
sessions that are established between them (see Section 2.5.2. ). Therefore access interactions take place 
during an access session, service usage interactions take place during a service session, and conimunicatioýzs, 
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usage interactions take place during a communications session. Furthermore, the interactions between 
business administrative domains are also mapped one-to-one to inter-domain reference points, which are 
defined in relation to the (business) relationships that they support (e. g. the Retailer reference point 
corresponds to the Retailer relationship). Therefore, the functionality offered by a reference point can be 
divided into an access part and a (primary and ancillary) usage part [INOU98][TIN97a][TIN97b]. 
Finally, business administrative domains are able to take different session roles during access and usage 
interactions. More specifically, according to TINA-C a domain can take a user / party 10 role (in order to 
request, and use services), a provider role (in order to supply services), or a peer role (in order to alternate 
between party and provider). The session roles are dynamically performed by domains and so a domain can 
change roles as frequently as is required by the interactions that take place. Thus, a domain can have many 
session roles. In any case, session roles are always complementary and come in pairs [BERNOO][TIN97a]. 
Taking into account the previous discussion and the initial service requirements, the following actions take 
place when considering the TINA-C business model during this step: 
" Identify the generic (business) roles that the actors of the service can take. 
" Construct a business model for the service by adapting the model proposed by TINA-C. 
Identify the service independent specific role(s) that the actors of the service can take. 
Identify the service dependent specific role(s) that the actors of the service can take. 
" Identify the actors of the service. 
" Specify the type of interactions (access, service usage, communications usage) that should be considered 
b etween each pair of generic (business) roles. 
eý Identify the session roles that the actors of the service can take. 
4.6.3, Definition of Service Requirements. 
Ile definition of the service requirements involves the identification of (desirable) service functions and 
(desirable) service attributes based on the examination of the information included in the preliminary 
investigation report (see Section 4.6.2. ) using the initial service requirements as a guide. 
Service functions represent what the telematic service under examination is supposed to do. They are 
faentihed, expressed in a concise way, and listed in logical cohesive groupings according to the categories 
used for the structuring of the initial service requirements (Le. group communication support functions, 
collaboration support functions, and the appropriate subcategories). To verify that some action <X> is 
indeed a service function, it should make sense in the following sentence: 
I 
The telematic service should do <A^> 
10 The terin "usee, is used for access, while the term "party" is used for usage as in TINA-C [TIN97a]. 
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Service functions should be charactcriscd by specifying their type in order to be able to prioritise them and 
to identify those that might otherwise be taken for granted (but which consume time and other'reiourcei). 
i The proposed service function types are: 
9 Evident: It should take place and the actors of the service should be cognisant that it is performed. 
Hidden: The service function should take place without being visible to the actors of the service. -This is 
usually desirable for underlying service functionality, which is not associated with a user interface. 'Hidde! l 
service functions are often (incorrectly) missed during the requirements capture and analysis phase. 
OptionaL Performing the service function does not significantly affect cost or other service functions. 
In contrast with service functions, service attributes are non-functional telematic service qualities and 
characteristics,. that are often confused with service functions. Examples are ease of use, response time, 
interface metaphor, security level, error tolerance, etc. Service attributes may penetrate all the service ftinc- 
tions or be specific to a particular service function or group of service functions. They can be associated with 
a set of attribute details, which tend to be discrete, fuzzy, symbolic values of the service attribute, such as: 
response time = (psychologically appropriate) 
interface metaphor = (graphical, colourful, forms-based} 
On the other hand, some service attributes can be associated with attribute boundary constraints, whichare 
mandatory boundary conditions, usually expressed with a numeric range of values for an attribute, such as: 
response time = {five seconds maximum) 
It is useful to describe clearly the way that. the service functions are related to the service attributes by 
using a suitably structured table. In this table, service attributes may be characterised as either "required" 6r 
"optional". 
Taking into account the above mentioned guidelines and remarks, this activity consists mainly of the 
following steps: 
SLejZ_L Identify the (desirable) service functions. 
Step 2: Structure the identified service functions by categorising them. 
, p-L 
Specify the type of the service functions. SLe 
Step 4: Identify the (desirable) service properties (attributes). 
Ste7z 5: Specify the attribute details or the boundary conditions for the identified service attributes.. 
&ep- 6, Specify the type of the service attributes. 
Step 7., Relate service functions and service attributes. 
StW--8-, Include all necessary infon-nation in the appropriate document (specifications of service requ. ire- 
ments). 
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4.6.4. * Definition of Use Cases. 
In order to improve the understanding of the service requirements, use cases are created ". Use cases are 
textual narrative descriptions of service domain processes 12. They describe the sequence of events generated 
by an actor using a telematic service to complete a specific service process. They are stories or cases of 
using 'a telematic service. They are dependent on having at least a partial understanding of the service 
requirements, as were identified in the previous activity (Section 4.6.3. ), because they usually involve more 
than one service function. Use cases are not exactly requirements or functional specifications by themselves, 
but they illustrate and imply service requirements in the stories they present [DAN097] [EVITOO]. 
In th 4e general case, a use case describes interaction with a "system". In the proposed methodology the 
system is the telematic service under examination. Before starting to define the use cases, it is important to 
I. - ;. -, , 
specify the boundaries of the telematic service, in order to better understand what the responsibilities of the 
telematic service are, and to identify what is external to the service and what is internal to it. The external 
13 
environment is represented only by (external) actors , which stimulate the service with input events and / or 
receive something from it. The choice of the telematic service boundaries is influenced by the specific service 
needs, as were expressed in Sections 4.6.2. and 4.6.3. 
For the identification of use cases from service requirements two alternative, but equivalent, methods are 
proposed. One of them is actor-based, and the other is event-based. 
Ile actor-based method consists of the following actions: 
1. Identify the (external) actors related to the telematic service. 
2. For each actor, identify the service processes that he / she initiates or participates in and form use cases. 
The event-based method consists of the following actions: 
1. Identify the external events that a telematic service must respond to. 
2. Relate these events to (external) actors and form use cases. 
ý- Both methods for identifying use cases involve critical thinking, brainstorming, and reviewing all the 
information gathered so far in this phase regarding the service. A common error in identifying use cases is to 
represent individual service functions, operations, or transactions as use cases. A use case is a relatively 
large end-to-end service process that typically includes many service functions; it is not normally an 
individual step or activity in a service process. 
1 '. Use' cases'are not actually an object-oricnted analysis artifact, but they are an important and widely practised early 
12 
stepý in many general purpose OOAD methods [CONS97][JAC099], and they are also part of the UML [BOOC97]. 
13 
These are processes that the telematic service should support. 
The actors of the service that are involved with the provision and the management of the service (e. g. service 
providers) are usually considered to be internal. The internal actors and their actions are not further examined. 
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Use cases, after their identification, may be expressed with varying degrees of detail and commitm nt to 
design decisions. Therefore, the same use case may be written in different formats, with different levels of 
detail. There are two basic formats that a use case can take, leading respectively to high-level use cases and 
to expanded use cases. 
A high-level use case describes a service process very briefly, usually in two or three sentences. It is 
useful to create this type of use case during the requirements capture and analysis phase in order to quickly 
understand the degree of complexity and functionality in a telematic service and obtain a complete vie W of 
the major service processes. High-level use cases are very terse and vague on design decisions. On the. other 
hand, an expanded use case describes a service process in more detail than a high-level one as-it, has'a 
section which describes the step-by-step events. During the requirements capture and analysis phase, -it is 
useful to write the most important and influential use cases in the expanded format, and defer the less 
I-1,1 '_- I 
important ones until the service development cycle in which they are being tackled (see also Section 4.5. ).. ý 
. 
Furthermore, use cases can be either essential or real. More specifically, essential use cases are expanded 
use cases that are expressed in a form that remains relatively free of technology and implementation details, 
as design decisions (especially those related to the user interface) are deferred and abstracted [CONS97], : 
Am 
essential use case describes a service process in terms of its essential activities and motivation. Righ-level 
use cases are always essential in nature, due to their brevity and abstraction. It is desirable to create essential 
use cases during the requirements capture and analysis phase in order to more fully understand the scope of 
the problem and the service functions required. They are advantageous because they reveal the essence ýnd 
the fundamental motivation of the service process that they describe. They also tend to be correct f6r a lon'g 
period of time, and thus easily customisable and reusable, since they exclude design decisions [DAN097]. 
In . contrast, a real use case concretely describes a service process in terms of its real current design and 
committed to specific technologies (e. g. when a user interface is involved, real use cases often show screen 
samples or screen shots and discuss interaction with the widgets). Ideally, real use cases are created during 
the service design phase of a service development cycle, since they are a design artifact. It early' design 
decisions regarding the user interface are expected, then real use cases must be created during the, require- 
ments capture and analysis phase. Otherwise, it is undesirable to create real use cases so early, because of 
the premature commitment to a specific service design and the overwheirning complexity involved 
14 
. 
The structure / format of a high-level use case is proposed to be the following (see also Figure 5.2. ): 
Use Case: Name of die use case under examination. It should start with a verb in order to emphasise that it refers to a service process. 
Actors: List of participating actors, indicating who initiates the use case (initiating actor who generates the starting stimulus)- 
T)pe: The type of the use case. This can be primary (for use cases representing major common service processes), secondary 
(for use cases representing minor or rare service processes), or optional (for use cases representing service processes that 
is not necessary to be tackled). 
Description: The objective of the use case. 
14 This increases the possibility of delay and decreases flexibility in the subsequent phases of the methodology. 
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It has to be noted that UML does not specify a rigid format for use cases. Therefore, the proposed format 
may be altered to meet the exact needs and scope of documentation and assure clarity of communication in a 
specific service development project. 
As expanded use cases aim to offer a deeper understanding of the service requirements, they have to be 
presented in a "conversational" style between the actors and the telematic service. Therefore, the structure 
format of an expanded use case is proposed to be the following (see also, for example, Figure 5.3. ): 
Use Case. 
Actors: 
. Purpose. 
Overview. 
Typ e. - ,, 
Cross References: 
Typica'l Course ofEvents: 
ActorAction Service Response 
Numbered actions of the actors. Numbered descriptions of service responses. 
An expanded use case should start with the following schema: "I. This 
use case begins when <Actor> <initiates an evenv>". This encourages a 
clear identification of the initiating actor and the event. 
, 41ternative Courses: 
0 Altematives that may arise at a specific event. Description of the exception. 
The middle section of an expanded use case (the "Typical Course of Events) is the most important as it 
describes in detail the required interaction between the actors and the telematic service. A critical aspect of 
this section is that it describes the most common sequence of activities needed for the successful completion 
of a service process. Alternative situations or exceptions that may arise with respect to the typical course are 
included in the final section of an expanded use case (the "Alternative Courses'). If complex, these 
alternatives may themselves be expanded into their own use cases. 
- .. After the identification of use cases and concurrently with their specification, a use case diagram is 
proposed to be created. It illustrates a set of use cases for a teleniatic service, the actors involved, and the 
relation between the actors and the use cases. The purpose of this diagram is to present a kind of context 
diagram by which one can quickly understand the external actors of a telematic service and the key ways in 
which they use it. In a typical use case diagram use cases are illustrated in ovals, while actors are 
repr6sented by sti6k figures. There are lines of communication between the use cases and the actors. The 
arrows indicate flow of information or stimulus. High level and essential use cases and use case diagrams 
are members of the service analysis use case model (see Sections 4.8.1. and 4.8.2. and Figure 4.17. ). 
Taking into account the above mentioned guidelines and remarks, the definition of use cases consists 
mainly of the following steps: 
Ste R 1: Specify the boundaries of the telematic service. 
Step 2: Identify use cases using either the actor-based or the event-based method. 
Name of the use case tmder examination. 
List of participating actors, indicating the initiating actor. 
Intention of the use case. 
Repetition of the high-level use case description, or a similar summary. 
1. Primary, secondary or optional. 
2. Essential or real. 
Related service functions and use cases. Ibis section provides an important "link" in terms of traceability between the 
artifacts, as it can be used to verify that all service functions have been allocated to use cases. 
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S= 3: Write all use cases in the high-level format. 
2e-p 4: Draw a (draft) use case diagram. 
Strp 5: Write the most critical and influential use cases in the expanded essential format. Defer writing the 
expanded essential form of less critical use cases until the service development cycles in which they 
will be tackled. 
jSte U2 6: Create some real use cases 
15 only if concrete descriptions significantly aid comprehension or the 
client demands the specification of service processes in this fashion. 
4.6.5. Definition of a Draft Service Conceptual Model. 
The service conceptual model is an artifact and the timing of its creation should be carefully considered (see 
also Section 4.5. ). During this activity a rough (preliminary) service conceptual model is proposed to be 
defined as an aid to understanding the vocabulary of the service domain, especially as it is used in the service 
specifications and in the use cases. More detailed versions of this service conceptual model will be- created 
during the service analysis phase of the subsequent service development cycles (see Section 4.8-3. ). 
4.6.6. Recording Terms in the Glossaty. 
The glossary is a simple document that defines terms, related to the telematic service under examination; that 
are used in the service development process. At the very least, a glossary (or model dictionary) lists and 
defines all the terms that require clarification in order to improve communication and reduce the risk of 
misunderstanding. Consistent meaning and a shared understanding of terms is extremely important Auring 
service development, especially when many service developers are involved. 
The glossary is originally created during the requirements capture and analysis phase as -terms are 
generated, and is continually refined within each service development cycle as new terms are encountered 
(see Section 4.8.6. ). It is usually made in parallel with the specification of the service requirements, the 
definition of use cases, and the definition of a draft service conceptual model. Maintaining the glossary is an 
ongoing activity throughout the proposed methodology. It has to be noted that the glossary is also a useful 
document within which to record service domain rules / assumptions, constraints, and other- similar 
information. Ibis kind of information can also be recorded in use cases and service contracts, and bý 
attaching appropriate notes to elements (such as service concepts) to which a rule or a constraint applies. 
4.6.7. Considering the Application of Rapid Prototyping. 
A prototype is an approximation of a system that exhibits the essential features of the final version of thýt 
system. Prototyping is used in many areas, including engineering and information systems development. Irl 
15 Ideally real use cases should be deferred until the service design phase of the service development cycles, in which 
they will be tackled. 
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the latter area, prototyping (which is also known as rapid prototyping when suitable tools are used to 
support the rapid creation of design elements) addresses the complaint that users only saw their information 
system at implementation time when it was too late to make changes. In that case, the risk of failure because 
of user dissatisfaction, including outright user rejection, is significant [AVIS95]. On the other hand, by 
implementing a prototype firs% the analyst can show the users something tangible, before finally committing 
the user to the new design. Furthermore, it may only be by using this approach that the users discover 
exactly what they want from the system, as well as what is feasible [ADA98a]. 
The proposed methodology is inherently compatible with the rapid prototyping approach due to its 
iterative and incremental nature (see Section 4.11. ). Tberefore, the consideration of rapid prototyping in this 
activity refers to its application regarding user interface matters in order to promote user involvement, not 
only between the service development cycles, but also inside them (see also Section 4.6.2. ). 
The fundamental purpose of constructing a prototype of the service user interface early in every service 
development cycle (e. g. during the refinement of the service requirements, see Figure 4.3. ) is to show to the 
users of the service how the service is expected to behave in front of them, how it will look-like, and how 
they can interact with the service. From the feedback of the users, the service developer can understand 
better and specify more accurately the interactions between the users and the service, improving at the same 
time his / her comprehension of the use cases. In this way, uncertainties about the service requirements can 
be resolved early and the short-term additional costs for prototyping can result in long-term savings. 
When building prototypes of the service user interface, the service developer has to find out the 
fLiridarn-ental aspects that have to be represented and decide about how he / she is going to implement the 
prototype. Recommended technologies for Graphical User Interface (GUI) prototyping, that reduce the costs 
associated with prototyping and increase the ease and speed with which prototypes can be created and 
modified, are Visual Basic, Java, TcI1I1r, VisuaITk and HTML [ACT99a]. The prototypes produced in this 
manner can either be discarded after their evaluation e'throw-away" prototypes) or used as the basis for the 
actual implementation of the service us6r interface in activity 4 of the service implementation phase (see 
Section 4.10.1. ) of the current and the subsequent service development cycles (exploratory prototyping). 
4.6.8. Definition of Draft Service Architecture Layers. 
As was stated in Section 4.2. and as it is evident throughout Chapter 4, the proposed methodology uses a 
number of concepts and ideas from the TINA-C service architecture. Additionally, it adopts the way that 
T114A-C considers telematic services. Based on these influences and taking also into account common 
a, rchitectural issues related to distributed information systems, such as three-tier and multi-tier client / server 
architectures [LEWA98], a typical telematic service is proposed to be architecturally designed in terms of 
the following (service architecture) layers (see Figure 4.8. ): 
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e Presentation Layer: It is responsible for issues regarding the Graphical User Interface (GUI) of the 
service, report generating, etc. 
Service Logic Layer. Its functionality is represented by: 
-Service Domain Objects: These are objects representing service domain concepts (e. g. user agent, 
service session, etc. ) that fulfil the service requirements. They are the primary focus of the proposed 
methodology. 
-Ancillary I Supporting Objects: These are non service domain objects that provide supporting function- 
ality (such as naming capabilities, interfacing with a database, etc. ) to the service domain objects. - -, 
*Resource Layer: It abstracts over the computing and network infrastructure, which is necessary for the 
realisation of the service. It is also responsible for the persistent storage mechanism (such as an object- 
oriented or relational database) that may be required by a telematic service. 
Presentation I FGUIý see Layer 
r -U... -, l rý ýk. 
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Figure 4.8.: Service architecture layers of a typical telematic service. 
The proposed methodology primarily emphasises the service domain objects, allocating responsibilities to 
them to fulfil the service requirements. In this design approach, the presentation layer has very little 
responsibility and thus it is considered to be "thizf'. Windows do not contain code that handles service logic 
or (any kind of) processing. Rather, task requests are forwarded on to the service logic layer. 
This activity consists mainly of the following steps: 
2e y the service architecture layers. I, - Identif 
Step 2: Comment on their importance for the telematic service under examination. 
&12 3: Record the necessary information in the service development plan. 
4.6.9. Refining the Service Development Plan. 
During this activity the contents of the service development plan that was created at the beginning of the 
requirements capture and analysis phase (see Section 4.6.1. ) are being reconsidered taking into account all 
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the artifacts produced so far. The most important new element of the refined service development plan is a 
schedule covering all the phases of the proposed methodology. The creation of this schedule is based on the 
allocation of use cases to service development cycles. 
Assuming all desired artifacts have been generated (e. g. specifications of the service requirements, use 
cases) during the requirements capture and analysis phase, the next step is the transition to the first 
development cycle of the service formation phase (see Figure 4.3. ) in order to start implementing the 
telematic service. The fidfilment of the use cases is distributed over multiple service development cycles, 
which are organised around the use case requirements. More specifically, a service development cycle is 
assigned to implement one or more use cases, or simplified versions of use cases, when the complete use case 
is too complex to tackle in one cycle. 
- Before deciding about such matters, use cases need to be ranked, and those with a high ranking need to be 
tackled in early service development cycles. The proposed strategy is to first select use cases that 
significantly influence the core functionality of the telematic service. The ranking scheme that it is used 
. 
consists of a number of criteria that are considered for each use case and it can apply either a simple ftizzy 
. 
classification (such as high-medium-low) or arithmetic scores (possibly augmented with weighting). The 
spec ification of an exact ranking scheme is the responsibility of the service developer(s). However, as a 
guideline it is proposed to increase the ranking of a use case when it includes complex or time-critical service 
functions, has a significant impact on the overall service design (e. g. when adding many service classes), 
represents primary service processes, can offer significant information and insight regarding the overall 
service design with relatively small effort, involves significant research or the use of new technology, or is 
considered important by the client or the users of the service. 
In the proposed methodology a time-box scheduling strategy is assumed, in which a service development 
cycle is set to a fixed time limit. Therefore, whenever a use case is assigned to a service development cycle, it 
is necessary to estimate if the entire use case can be tackled within the limited time-box of a cycle, or if the 
work ofthe use case needs to be distributed across multiple service development cycles. In this situation, the use 
case is redefined in terms of several simplified use case versions, each of which encompasses more and more 
of the requirements of the complete use case. Each use case version is limited to cover what is estimated to be 
a reasonable amount of work within the confines of the service development cycle time-box. These versions 
are then distributed over a series of service development cycles, along (possibly) with other use cases. 
Finally, it has to be noted that virtually all telematic services have an initialising C'Start Up") use case. 
Although this use case may not acquire a high rank by the ranking scheme applied, it is necessary to tackle 
at least a simplified version of it in the first service development cycle so that the initialisation assumed by 
other'use cases is provided. Within each service development cycle, the "Start Up" use case is incrementally 
developed to satisfy the start up needs of the appropriate use cases. 
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Taking into account the above mentioned guidelines and remarks, this activity consists mainly of the 
following steps: 
Step 1: Reconsider the contents of the service development cycles. 
Step 2: Devise an appropriate ranking scheme. 
Step 3: Rank the use cases according to this ranking scheme. 
Stelz 4: Allocate the use cases to service development cycles. 
Step 5: Create a schedule for the proposed methodology. 
4.6.10. Complementary and Alternative Approaches. 
In the requirements capture and analysis phase, the application of usability engineering principles can 
complement use cases and describe the expectations of the users from the telematic. service, under 
development more accurately, improving also their interaction with it [BYER91][BYER92][BYER93]. 
Furthermore, scenarios can be used for the structuring of the service requirements [SUTC98], and the 
WinWin technique [HOR099] can aid in the capture, negotiation, and recording of the service requirements. 
4.7. Starting a Service Development Cycle. 
After the completion of the requirements capture and analysis phase, the service formation phase starts, 
within which iterative service development cycles occur (see Figure 4.3. ). 
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Figure 4.9.: Service analysis phase activities. 
The initial activities within each service development cycle (requirements reftement, arti. facts 
synchronisation) are mostly project management related. In the general case, the refmernent of the scjyice 
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requirements is followed by (or more likely occurring in parallel with) a synchronisation of documentation 
(e. g. various types of artifacts) from the last cycle with the actual state of the service code, because during 
the service implementation phase of the last service development cycle the design artifacts and the service 
code invariably diverge (see also Section 4.11. ). After these initial activities the service analysis phase starts, 
within which the use cases of the current service development cycle are examined in detail. 
4.8. Service Analysis Phase. 
The aim of this phase is to determine the functionality needed for satisfying the service requirements that 
were identified in the previous phase and to define the software architecture of the service implementation. 
For this reason, the focal point shifts from the service boundary to the internal service structure [ADA98a]. 
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Figure 4.10.: Service analysis phase artifact dependencies. 
The activities that take place in this phase can be seen in Figure 4.9. As with the requirements capture 
and ana . lysis phase artifacts, the linear order that may be inferred from this figure is not strictly the case, as 
some artifacts may be created in parallel (e. g. the service conceptual model and the glossary). The 
dependencies between the artifacts produced during the service analysis phase can be seen in Figure 4.10. 
The activities of this phase are examined in the following sections. 
4.8.1. Definition of Essential Use Cases. 
L 
As was suggested in Section 4.6.4., essential use cases (which are expressed in an expanded format) is 
desirable (but not necessary) to be created during the requirements capture and analysis phase. However, if 
the service developer decides (for some reasons) not to follow this suggestion, then the essential use cases 
that are examined in the current service development cycle should be defiried during this (first) activity of the 
service analysis phase. 
4.8. Z Refining the Use Case Diagram(s). 
The use case diagram(s) that were created in the requirements capture and analysis phase (Section 4.6.4. ) 
depict only the absolutely necessary information regarding the identified use cases and therefore they have a 
draft, nature. During this activityý more details are added to the use case diagrarn(s) [MAR98b]. More 
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specifically, use cases are related and their relationships are illustrated in the use case diagram In -. an 
"extends" relationship the behaviour defined for a use case can follow the behaviourdefined for another use 
case. If one use case initiates the behaviour of another use case, it is said to "use" the second use case and 
the two use cases are said to be in a "uses" relationship. The use case that uses the behaviour ofl another 
should indicate the connection with the "initiate" keyword in the use case text. 
4.8.3. Definition of Service Conceptual Models. 
The service analysis phase is the first phase of the service creation process where the telematic service is 
decomposed into its constituent parts (service information objects or service concepts), with the appropriate 
relationships among them, in an attempt to gain an overall understanding of the service. The resulting (main) 
service conceptual model, which is the most important artifact that is created during the service analysis 
phase, represents a restatement, in a graphical notation, of the problem statementý as it was expressed in. the 
previous phase. 
It involves identifying a rich set of service concepts regarding the telematic service under examinat ion by 
investigating the service domain and by analysing the essential use cases (see Section 4.8.1. ). There. fore,, it 
describes what the service is in terms of interesting and meaningful (to the service developer) entities,, / 
concepts that constitute it and couplings / associations between them [FOW96a][MART951. These 
couplings define relationships between two service Information Object (70) classes. Each service 10 
participating in a relationship has a role in that relationship. Each role possesses a certain multiplicity that 
quantifies the number of instances of a service 10 class having a role that may participate in a relationship 
with each instance of the service 10 class having the other role [GASP961. In UML, a service conceptual 
model can be illustrated with a set of static structure diagrams in which no operations are defined. 
It has to be stressed that a service conceptual model is a representation of real-world concepts or actual 
things, and not a representation of software components (software entities). A good service conceptual model 
captures the essential abstractions and infon-nation required to understand the service domain in the context 
of the current service requirements, and aids service developers in understanding the service domain (its 
concepts, terminology, and relationships). However, there is no such thing as a single correct service 
conceptual model. All service conceptual models are approximations of the service domain, under 
examination [BOOC98](LARM98]. 
The main service conceptual model is accompanied by a set of ancillary service conceptual models- These 
models are derived by (and correspond to) a number of generic information models deduced from the TINA-C 
service architecture and complement semantically the main service conceptual model with useful session 
related concepts and structures. More specifically, the ancillary models refer to the modelling of session roles, 
(TINA-C) sessions, access and service sessions, and to the classification of access and service sessions. 'ý 
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I . ': This activity of the service analysis phase consists mainly of the following steps: 
Step--L- Identify the service concepts. 
'Ste: g 2. Identify associations between the service concepts. 
Ste p 3: Identify attributes of the service concepts. 
Ste j2 4: Draw the main service conceptual model. 
Ste 
,, Q 
5: Specify the ancillary service conceptual models. 
These steps are examined in detail in the following paragraphs grouped into two sections: one related to the 
main service conceptual model (steps 14), and one related to the ancillary service conceptual models (step 5). 
4.8.3.1. Specification of the Main Service Conceptual Model. 
The main service conceptual model is specified by the following steps: 
S Lej2 P Identify the service concepts. 
A central task when creating a service conceptual model is the identification of the service concepts. It has 
to. be noted as a general guideline that it is better to overspecify a service conceptual model with many fine- 
grained concepts than to underspecify it. However, it is possible that some service concepts will be missed 
during the initial attempt to identify service concepts. These concepts will be discovered later during the 
consideration of associations or attributes, or during the service design phase. When found, the initially 
missed service concepts, should be added to the service conceptual model. 
Two techniques are proposed for the identification of service concepts. The first is based on the use of a 
service concept category list, which contains categories that are usually worth considering, though not in any 
par ticular order of importance. In this case, the creation of a service conceptual model begins by making a list 
of candidate service concepts from the service concept category list. An indicative service concept category 
list'has the following categories: session related, interaction related and collaboration related service 
concepts (see Section 4.6.2., step 5), profiles of external actors, service (dependent / independent) specific 
roles (see Section 4.6.2., step 6), physical or tangible objects, specifications or descriptions, processes, rules 
II 
and policies, abstract noun concepts, events, containers of other "items", catalogues, transactions, etc. 
Another useful technique for the identification of service concepts is to consider the noun phrases in the 
text of the expanded use cases as candidate service concepts or attributes [GRA95a]. However, this noun 
phrase identijilcation technique must be carefully applied, as a mechanical noun-to-concept mapping isn't 
possible, and words in natural languages are ambiguous. Therefore, a weakness of this approach originates 
from the inherent imprecision of natural languages (e. g. different noun phrases may represent the same 
concept or attribute). Nevertheless, this technique is recommended to be used in combination with the service 
concept category list technique. 
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Some of the identified service concepts are possible (and useful) if organised into a generalisation-. - 
specialisation type hierarchy (or simply type hierarchy) in which the supertype represents a more. general 
concept and the subtypes more specialised ones. Identifying such commonality among service concepts is of 
value in a service conceptual model because the respective type hierarchies facilitate the understanding of 
service concepts in more general, refined, and abstract terms. Furthermore, they can lead to economy of 
expression, improved comprehension, and a reduction in repeated information. 
Taking into account the previous discussion, the following actions take place when identifying the service 
concepts during this step: 
* Apply the service concept category list technique. 
* Apply the noun phrase identification technique. 
Draw an initial service conceptual model by representing graphically only the service concepts. 
Identify useful type hierarchies (optionally). 
&e, 2 2: Identify associations between the service concepts. 
After identifying the service concepts, it is also necessary to identify those associations 16 of the service 
concepts that are needed to satisfy the information requirements of the current use case(s) under development 
and which aid the comprehension of the service conceptual model. The associations that - should 
be 
considered in order to be included in a service conceptual model are the associations for which the service 
requirements suggest or imply that knowledge of the relationship that they present needs to be preserved for 
some duration C'n eed-to-know" associations) or are otherwise strongly suggested in the service developer's 
perception of the problem domain. 
Furthermore, it is usually worth considering, taking into account the identified service concepts and the 
current use cases, a common associations list which contains some common categories of associations. An 
indicative common associations list (between service concepts, for example, A and B) has the, NIP wing 
associations: A supports B, A participates in B, A is a member of B, A contains B (either physically or 
logically), A is a physical or logical part of B, A is characterised by B, A is specified by B, A is a description 
of B, A is known / logged / recorded / reported / captured in B, A maintains B, A uses or manages B, A 
communicates with B, A is owned by B, etc. It has to be noted that it is generally undesirable to overwhelm 
the service conceptual model with associations that are derivable, not strongly required and which do not 
increase understanding. Too many associations tend to confuse a service conceptual model rather than clarify 
it. Their discovery can be time-consuming and with marginal benefit. However, associations should also ensure, 
that an essential understanding of the important service concepts is offered by the service conceptual model. 
16 Generally, an association is a relationship between concepts that indicates some meaningful and interesting con- 
nection. All associations are inherently bi-directional. 
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During the service analysis phase, an association is not a statement with software implications in the 
service code. It is just a statement that a relationship is meaningful in a purely analytical sense. Many of 
these relationships will be implemented in the service code as paths of navigation and visibility, but their 
presence, in the service conceptual model does not require their implementation. Therefore, a service 
Fonceptual model may contain associations that are not necessary during programming. Conversely, if 
during the service implementation phase, associations are discovered that need to be implemented but were 
missed during the service analysis phase, then the service conceptual model should be updated to reflect 
these discoveries (see Section 4.10. ). 
Taking into account the previous discussion, the following actions take place when identifying 
associations between the service concepts during this step: 
9 Find the need-to-know associations. 
4, Consider the common associations list. 
e Consider aggregation (composite or shared), derived, qualified, and recursive or reflexive associations, 
based on their value in improving understanding of the service domain (optional action). 
Select the desirable associations that will be included in the main service conceptual model. 
eSý3: Identify attributes of the service concepts. 
IA service conceptual model should include all the attributes of the identified service concepts for which 
the, service requirements suggest or imply a need to remember information. These attributes should 
preferably be simple attributes orpure data values. Caution is needed to avoid modelling a (complex) service 
concept as an attribute or relating two service concepts with an attribute instead of an association. 
Furthermore, it is stressed that some (not obvious) attributes may not be identified during service analysis. 
However, when they are discovered (either during the service design or during the service implementation) 
they should be added to the service conceptual model. 
SfeI2 4: Draw the main service conceptual model. 
The main service conceptual model is formed by adding the identified type hierarchies, associations and 
aýtributes to ihe initial service conceptual model. It has to be noted that a verb phrase should be used for 
, naming an association, in such a way that the association's name together with the names of the service 
concepts that it relates create a sequence that is readable and meaningful 17 . Finally, associative types, which 
are related to an association between two service concepts, should be added to the service conceptual model 
if considered to be necessary. Usually, associative types are useful when two service concepts are linked 
with a many-to-many association and there is important information related to it. 
17 The proposed direction to read such a sequence is left to right or top to bottom. This is not imposed by UML, but 
it is a relatively common convention. Furthermore, the use of a direction arrow can clearly indicate the direction 
to read similar sequences (see, for example, Figure 5.7. ). 
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4.8.3.2. Specification of the Ancillary Service Conceptual Models. 
As was stated in Section 4.4., the proposed methodology considers the TINA-C service architecture in" a' 
critical manner with the intention to extract from it useful concepts and guidelines / techniques. Taking into 
account this attitude, a number of generic TINA-C information models were formed, by considering piuls'of 
the documentation that is available by TINA-C (see also Section 2.5.2. ). The custornisation of these 
information models according to the service requirements results in the ancillary service conceptual models, 
which in combination with the main service conceptual model, describe the semantics of the service domain- 
under examination in a clear, concise, and unambiguous way. 
The generic TINA-C information models that are the basis of the ancillary service conceptual models'are 
briefly described in the following paragraphs. It is stressed that these information models have a'pure 
conceptual / analytical role and they are considered by the proposed methodology released from most of the 
details that the TINA-C service architecture associates with them (e. g. feature sets, see Section 4.9.8. ). 
The session related information models 
The session information model is depicted in Figure 4.1 L(q) and is valid for all se- ssion related telernatic 
services. As a session related service may extend over multiple business administrative domains, it is 
intuitive and useful to model the service as an aggregation of one or more domain services, where each 
domain service represents a part of a service confined to a single domain. Just as a session represents an 
instance of a service, a domain session represents an instance of a domain service. Domain s essions may 
interact to establish services extending over multiple domains. 
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Figure 4.11.: Important session related information models (TINA-C): 
(a) The session information model, (b) The session role information model. 
Therefore, according to Figure 4.1 L(q), a session related service is an aggregation of other session related 
services and domain services. Each domain service is instantiated by one domain session, which is established 
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in and managed by its associated domain. A domain session may be bound to another domain session via a 
domain session binding, which represents the dynamic information used to link the two domain sessions. 
As can be seen in the session role information model which is depicted in Figure 4.11. (b), business 
administrative domains are able to take different session roles during the access and usage interactions that 
occur between them. The same figure shows also the classification of the session role concept (see also 
Section 4.6.2. ). It has to be noted that only the "leaf' roles (at the bottom of the figure) can be taken by a 
business administrative domain as the other roles are abstract roles. 
The acc'ess session related information models 
Taking into 
-account 
the generic TINA-C session related information models of Figure 4.11. and the 
different types of sessions that can be established between business administrative domains (see Section 
2.5.2. ), access sessions can be classified according to the specialisation hierarchy shown in Figure 4.12. (a). 
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Figure 4.12.: Important access session related information models (TINA-C): 
(a) Classification of the access session, (b) The access session information model. 
The access session related service 10s and their relationships are depicted in the information model of 
Figure 4.1Z (b). In this figure, the Domain Access Session (D. AS) service 10 is associated with a particular 
domain and represents the generic information required to establish and support access interactions between 
two domains. Furthermore, it is specialised into UDLAS (managed by the user), PDLAS (managed by the 
provider) and PeerDLAS service 10s (see also Section 2.5.2. ), as each DLAS is associated with a particular 
access role. All information that is used directly by the Q_AS for authorisation decisions, constraints and 
customisation of the DL_ASs, Access Sessions and Service Sessions is contained in the User Profile. 
The service session related information models 
Service sessions can be classified according to the specialisation hierarchy shown in Figure 4.13. (a). The 
service session related service 10s and their relationships are depicted in the information model of Figure 
4.13. (b) (see also Section 2.5.2. ). Every service session consists of usage and provider service sessions. 
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Each member of a session, i. e. an end-user, a resource or another gession, is associated with a usage service 
session. Furthermore, each usage service session can extend over two domains and is composed of two 
complementary Domain Usage Service Sessions (DLUSSs). The Domain Usage Service Session Bindirig 
(Dý_USS Binding) represents the dynamic information associated with the binding of two DLUSSs. 
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Figure 4.13.: Important service session related information models (TINA-C): 
(a) Classification of the service session, (b) The service session information model. 
The Service Session Graph information odel 
The Service Session Graph (SSG) offers a generic framework to describe information in service sessions 
and is used to model and control the state of a service session. An instance, at a certain point of time, of the 
SSG models a "snapshof' of the resources, the parties, the peers, and the relationships established. into the 
service session. Figure 4.14. illustrates how the service session information model relates to, the SSG 
information model. 
Service Session 
Provkkw Usage 
Service Soso SeFvice Session 
is 3ted-wfth S. '. Me" Session member 
Figure 4.14.: Relationship between the service session information model and the SSG (rINA-C). 
The capabilities modelled in the SSG, which can be seen in Figure 4.15., are party invitation and addition, 
stream binding and stream composition, and explicit control of the use of resources (e. g. various deviceý 
participating in continuous media communication). The SSG supports the defmition of control relationships 
through the ControlSR 10 type. More specifically, the OwnershipSR class expresses ownership relations, 
which determine the owners of a service 10 that need to be involved in the negotiation of session 
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management operations. Furthermore, the PermissionSR class expresses the desired access control policy. 
Additionally, the SSG supports also the definition of composing relationships through the CompSR 10 type, 
which facilitates the representation of composition and federation of services. SessionMember and 
SessionRelationship IOs can be aggregated into groups (SessionMemberGroup and SessionRelationshipGroup 
respeciively) in order to ease the establishment of repeated relationships. 
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Figure 4.15.: The Service Session Graph information model (TINA-C). 
The invitation and addition of users to a service session is modelled by the Party 10 type. A session 
participating in another session, where both sessions can initiate actions on the other, is modelled by the Peer 
10 type. A source of support for the execution of a service session (e. g. a file to be retrieved) is modelled by 
the Resource 10 type. Finally, stream bindings are modelled by the association of StreamInterface 10s to 
StreamBindingSR 10s via the appropriate SessionMember IOs. The StreamFlowEndPoint 10s have 
associated Quality of Service (QoS) attributes and can be aggregated into stream interfaces at a party's end 
system or at a Resource 10. 
Taking into account the previous discussion, the following actions take place when specifying the 
ancillary service conceptual models: 
Customise the session related information models (Figure 4.11. ) according to the service requirements. 
" Customise the access session related information models (Figure 4.12. ) according to the service 
requirements. 
" Customise the service session related information models (Figures 4.13. and 4.14. ) according to the 
service requirements. 
" Customise the SSG information model (Figure 4.15. ) according to the service requirements. 
131 
Chapter 4: A Methodologyfor the Development of Telematic Services 
4.8.4. Definition of Service Sequence Diagrams. 
Before proceeding to a logical design of how a telematic service will work in terms of software components, 
its behaviour is necessary to be examined and defined as a black box. In this way, service behaviour is 
considered as a description of what the telematic service does, without explaining how it does it. One part of 
that description are service sequence diagrams. 
Use cases suggest how actors interact with the telematic service under examination. During. this 
interaction an actor generates events to the telematic service (service events), requesting some operation in 
response. It is desirable to isolate and illustrate the operations that an actor requests of a telematic service 
(service operations), because they are an important part of understanding service behaviour. 
For this reason, a service sequence diagram, which is a UML sequence diagram, shows, for a particulW 
scenario of a use case 18 , the service events that external actors generate and their order, All telýmatic 
services are treated as a black box. The emphasis of the diagram is on events that cross the servicp bounda, ry 
from actors to telematic services. A service event is an external input event generated by an actor to a 
telematic service. An event initiates a responding operation. A service operation is an operation of the 
telematic service that executes in response to a service event. The names of the service event and the service 
operation are identical. The distinction between them is that the service event is the named stimulus, while 
the service operation is the response 19. It is evident that the set of all required service operations iý 
determined by identifying the service events. 
A service sequence diagram should be done for the typical course of events of each use case, "and 
sometimes for the most important alternative courses. It depicts, for a particular course of events within a 
use case, the external actors that interact directly with the telematic service, the telematic service (as a black 
box), and the service events that the actors generate. Time proceeds downwards and the ordering of e vents 
should follow their order in the use case. Service events (and their associated service operations) should be 
expressed in an abstract way, emphasising their intention, and not in an implementation specific manner. In 
that way the name used captures the intent of the service event / service operation, while remaining abstract 
and noncommittal with respect to design choices. It also improves clarity to start the name of a service event 
service operation with a verb (e. g. enter, add, end, make, etc. ), since it emphasises their command orientation. 
Taking into account the above mentioned guidelines and remarks, this activity consists mainly of the 
following steps: 
StqR 1. Draw a vertical line representing the telematic service as a black box. 
2. Identify each actor that directly operates on (or interacts with) the telematic service. 
18 A scenario of a use case is a particular instance of the use case or a realised path through the use case. 
19 A similar relation is the relation between messages and methods in the object-oriented paradigm [ECKE94]. 
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Sfe: U _3. - 
Draw a vertical line for each actor. 
S Ue 4. - Identify the (external) service events that each actor generates by examining the use case typical 
course of events text. 
SteýR5: Illustrate the identified service events in the correct order on the diagram. 
Step 6: Include (fragments of) the use case text to the left of the diagram (optionally). 
4.8.5. Definition of Service Operation Contracts. 
The behaviour of a telematic service is further defmed by service operation contracts (or service contracts) 20, 
ýs they describe the effect of service operations upon the telematic service. A service sequence diagram depicts 
the external events that an actor generates, but it does not elaborate on the details of the functionality associ- 
ated with the service operations invoked. All the details that are necessary to understand the service response 
(and thus the actual service behaviour) are missing. These details are included in service operation contracts, 
, Aich describe changes in the state of the overall telernatic service when a service operation is invoked. 
The creation of service operation contracts is dependent on the prior development of use cases and service 
sequence diagrams, and on the identification of service operations (see Figure 4.10. ) in the following order: 
use cases 4 service sequence diagmms 4 service operations 4 service operation contracts 
More specifically, the use cases suggest the service events and lead to the construction of the service 
sequence diagrams. The service operations can then be identified. The effect of the service operations is 
described in service operation contracts ". UML contains support for defining service contracts by allowing 
the definition of pre- and post-conditions of service operations [EVITOO]. 
A'service operation contract is proposed to include the following sections 22 (see also, e. g., Figure 5.10. ): 
Name. Name of the service operation and its parameters. 
ResponsiblUties: An informal description of the purpose of the service operation. 
Type. Name of type that the service operation belongs to. 
Cross References. Pointers to important related artifacts (e. g. service function reference numbers, names of use cases, etc. ). 
Notes. Design statements regarding the service operation (design guidelines, algorithms, etc. ). 
Exceptions. Reaction of the service operation to exceptional situations. 
Output: Non user interface outputs. 
Ne-conditions. Assumptions about the state of the telematic service before execution of the service operation. 
Posto-conditions: The state of the telematic service after completion of the service operation. 
The most important section is the "Post-conditions" section which declaratively describes the state 
changes that occur to service IOs in the service conceptual model, using a number of suitably selected 
20 In general, a contract, which is a term borrowed from the software engineering community [MEYE88], is a 
document that describes what an operation commits to achieve. It is usually declarative in style, emphasising what 
will happen, rather than how it will be realised. It is common for contracts to be expressed in terms of pre- and 
2 
post-conditions state changes [GRA95a]. 
1 For each service operation, a service operation contract is constructed. 
22 It is not necessary to include all sections. However, the "Responsibilities" and "Post-conditions" sections are 
- recommended. 
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statements (instance creation, instance deletion, attribute modification, association formed, association 
broken, and user interface activation). This section reveals how the telematic service has changed as a result 
of a specific service operation. The post-conditions are not actions to be performed during the service 
operation. They are declarations about the service state that are true when the service operation has finished ". 
It has to be noted that post-conditions are expressed in the context of the service conceptual model, and thus 
it is likely to lead to the enhancement of the service conceptual model. 
During the service analysis phase it is difficult (and maybe it is not even necessary) to generate a complete 
and accurate set of post-conditions for a service operation. However, it is better to create post-conditions 
early (even if they are incomplete), rather than defer their creation until the service design phase, -when 
service developers should be concerned with the design of a solution, rather than investigating what should 
be done. Post-conditions will take their final form during the service design phase. Therefore, they will 
enhance the service analysis work of the following service development cycle. 
4.8.6. Refining the Glossary. 
The glossary was created in the requirements capture and analysis phase (see Section 4.6.6. ). and its 
refinement is an ongoing task that takes place in every service development cycle as new terms are 
generated. 
4.8.7. Definition of Service State Diagrams. 
The legal sequence of external service events that are recognised and handled by a telematic service in the 
context Of a specific use case can be successfully described by service state diagrams. These are UML state 
diagrams, which illustrate the interesting and significant service events and the states of a telematic service, 
together with the behaviour of the service in reaction to a particular service event. More specifically, as can 
be seen in Figure 4.16., transitions are indicated by arrows, labelled with the corresponding service event, 
and states are depicted in rounded rectangles. It is common to include an initial (pseudo) state 
which 
automatically causes a transition to another state when an instance of the service state diagram is created. 
A service state diagram which depicts the (overall) service events and their desired sequence within a use 
case is called a use case service state diagram. Such a diagram for the service events of use case X can be 
seen in Figure 4.16. It illustrates that it is not legal to generate "event 3" if "event 2" has not. previously 
caused a transition of the service to "State 3". It has to be noted that a use case service state diagram is not 
necessary to illustrate every possible service event of the use case that it examines. If a service event arises 
that is not represented in the diagram, then it is ignored by the diagram. Thus, a use case service state diagram 
can be created for a specific use case at varying levels of detail depending on the exact modelling needs. 
23 Therefore, post-conditions should be expressed in a passive past tense form (was ... ), in order to emphasise 
that 
they are declarations about a past state change rather than a design of how it is going to be achieved. 
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Figure 4.16.: An example of a use case service state diagram. 
The real value of use case service state diagrams is appreciated when they model complex use cases with 
many service events, because then they help considerably the service developer(s) during the service design to 
avoid out-of-sequence service events and the corresponding error conditions. Given a set of concise and 
thorough use case service state diagrams, the service developer(s) can construct a service design that ensures 
the correct order of service events without missing any of them. However, from this remark is also evident that 
use case service state diagrams are not necessary if there is no significant service event ordering. Therefore, 
their definition in the service analysis phase is optional. In such cases, another (optional again) alternative is 
the creation of a global service state diagram, which illustrates, for the entire telematic service, all the transi- 
tions for service events across all the use cases. It is a union of all the use case service state diagrams and is 
useful as long as the total number of service events is small enough to keep the diagram comprehensible. 
Service state diagrams, except from being a service analysis phase artifact, can also be used in the service 
design phase for modelling the behaviour of specific state-dependent service COs or service classes. More 
specifically, a service state diagram for a service CO / class can depict internal events (caused by something 
inside the service boundary) which typically represent messages received from other service COs / classes. 
However, this is not recommended (and therefore it is not examined in the service design phase), because the 
paradigm of service COs / classes that collaborate via messages to fulfil tasks is illustrated directly by the 
service interaction diagrams (see Section 4.9.3. ), and therefore it would be somewhat incongruous to use a 
service state- diagram to show a design of service CO / class messaging and interaction. 
Taking into account the above discussion, this activity consists mainly of the following steps: 
S= 1: Draw a service state diagram for each use case or (alternatively) draw a global service state diagram. 
II Step 2: Add to the diagram(s) transition actions, transition guard conditions, and nested states (optionally). 
4. && Concluding Remarks. 
The activities of the service analysis phase can be seen in Figure 4.9. and the artifacts that are produced 
in Figure 4.10. Service sequence diagrams and service operation contracts are part of the service behaviour 
model of the service analysis model (see Figure 4.17. ). The service behaviour model specifies what service 
events a telematic service responds to, and what responsibilities and post-conditions the corresponding 
service operations have. Furthermore, it describes the external interface and behaviour of the overall service. 
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Figure 4.17.: The service analysis model. 
It has to be noted that in order to be complete (and really object-oriented) the information specification of 
the service should also take into account the (dynamic) behaviour of individual service 10s. This behaviour 
is usually defined by allocating operations to the service IOs. However, the issue whether operations should 
be ascribed to individual service IOs is quite controversial as it actually represents a functional 
decomposition of the overall service functionality [GASP96]. This clearly implies design decisions that 
should be better taken at the service design phase. 
4.8.9. Complementaty and Alternative Approaches., 
In the service analysis phase, high level OMT diagrams can be used to represent the service concepts and 
their relationships [RUMB91]. Additionally, analysis level Message Sequence Chart (MSC) diagrams 24 can 
model the interaction among service parts [ITU92c]. However, both these OMT and MSC models provide a 
high level overview and an understanding of the service as a whole. They do not focus to the individual 
service IOs. For this purpose, quasi GDMO (Guidelines for the Definition of Managed objects) and GRNI 
(General Relationship Model) can be used, with quasi GDMO describing the characteristics of service IOs 
and GRM specifying the relationships among service IOs. Quasi GDMO and GRM are used for information 
modelling purposes in TINA-C and originate from the Open Systems Interconnection (OSI) GDMO and 
GRM [ITU92d] formal techniques that were developed for defining managed objects and their relationships. 
Finally, for the identification of service concepts and service objects, for the assignment of responsibilities to 
service classes, and for finding and examining collaborations between service classes, CRC (Class, 
Responsibility - Collaborator) cards [WIRF90] can be used. This simple but effective technique, assumes 
the existence of written requirements specifications and is usable at both the analysis and the design levels. 
24 OMT and MSCs can also be used for design purposes. 
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4.9. Service Design Phase. 
During this phase the service developer defines the behaviour of the service 10s that were identified in the 
service analysis phase and structures the telematic service in terms of interacting service computational 
objects (service components or service objects), which are distributable, multiple interface service objects 
(see also Section 2.5.2. ). They are the units of encapsulation and programming. While service 10s mainly 
explain'h6W a service is defined, service Computational Objects (COs) reveal what actions have to be 
performed in'order to execute the service. Therefore, the output of this phase is (mainly) the dynamic view of 
the internal structure of the telematic service. 
ReW 
Refinemelt 
Devek~ 
Cycle I 
Dweioprrwd 
I 
Cyde 2 swvl* I 
Sawa 
D 101-t 
Cyde n 
Notes 
vw 
rl 
- 2: 
12 ý 
Ftppl 
3 3. 
I 
miarts 
Synchron"tion 
Uvice Analy" 
Service Design 
Servioe 
Imoementation 
and TestIrV 
Delime Real Use Cases' 
Define User Int 
4, 
Defum 
Interaction Diagrams 
Define Service I 
Design Class Diagram 
Define SoM 
Arrhkoch"Lvyers' 
F 
DaZ Database Schema 
Figure 4.18: Service design phase activities. 
'The activities of the service design phase are depicted in Figure 4.18. As with the previous phases, the 
linear order that may be inferred from this figure is not strictly the case, as some artifacts may be made in 
parallel (e. g. the service interaction diagrams and the service design class diagram). The dependencies 
between the artifacts produced during the service design phase can be seen in Figure 4.19. This figure also 
shows the way that the service design phase artifacts depend on some of the service analysis phase artifacts. 
The activities of this phase are examined in the following sections. 
.., t ý,; ý-" 
4.9.1. Definition of Real Use Cases. 
As was mentioned in Section 4.6.4., a real use case describes in a concrete manner the way that a use case 
will be realised in terms of specific input and output characteristics and implementation details. For example, 
if the telematic service has a graphical user interface (as is usually happens), real use cases will include 
diagrams of the windows involved and discussion of the low-level interaction with the interface widgets. 
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Figure 4.19.: Service design phase artifact dependencies. 
The creation of real use cases is dependent upon the prior creation of the corresponding high level and 
essential use cases. However, the definition of real use cases may not be necessary. As an alternative, service 
developers may create rough user interface storyboards and specify all the necessary details during the 
service implementation phase [BYER93]. Real use cases are useful (and thus their definition mandatory) if 
excruciatingly detailed interface descriptions are required prior to service implementation. 
4.9.2. Definition of User Interface Aspects. 
In this activity important characteristics of the user interface of the service are defined by examining. th'e 
related prototype (see Section 4.6.7. ) and taking into account the feedback from the users of the service.. Týe 
adherence to specific GUI standards [GRA95a] and user interface design principles [CONS99] is also 
decided in this activity. The overall objective is to ensure that the telematic service will be characterised by a 
friendly and consistent user interface, designed according to ergonomic criteria, that will present information 
in convenient and comprehensible formats, without creating information overload to the. user, and -by 
providing suitable error and information messages, and help facilities. 
It has to be noted that the application of the Model-View separation principle [BUSC96], according to 
which the service logic should not be bound to a particular user interface, is proposed. More specifically, it 
is usually desirable that there is no direct coupling from service objects (in the service logic layer, see Figure 
4.8. ) to user interface objects (in the presentation layer, see Figure 4.8. ), because the user interface objects 
are related to a particular telematic service, while (ideally) the service objects may be reused in. new 
telematic services or attached to a new interface. The application of the model-view separation principle'in' 
the service design phase supports the creation of cohesive service design phase artifacts that focus on the 
service domain processes and not on the satisfaction of user interface requirements, allows the separate 
development of the service logic from the necessary user interface, and minimises the impact upon the 
service logic layer from changes of the requirements regarding the user interface [CONS99][LARM98]., ', 
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4.9.3. Definition of Service Interaction Diagrams 
. 
After identifying the service COs, by taking into account the service conceptual model(s) and the TINA-C 
service architecture, a (separate) service interaction diagram is created for each service operation under 
development in the current service development cycle. Service interaction diagrams illustrate how service 
objects communicate in order to fulfil the service requirements. More specifically, initially the expanded use 
cases suggested the service events which were explicitly shown in service sequence diagrams, then an initial 
best guess at the effect of these service events was described in service operation contracts, and finally the 
identified service events represent messages that initiate service interaction diagrams, which illustrate how 
service objects interact via messages to fulfil the required tasks. 
Therefore, service interaction diagrams reveal choices in assigning responsibilities to service objects 
The. resp onsibility assignment decisions are reflected in the messages that are sent to different service 
objects. Responsibilities are related to the obligations that a service object has in terms of its behaviour. In 
the service implementation phase, methods will be implemented to fulfil responsibilities or alternatively 
responsibi lities will be implemented using methods, which either act alone or collaborate with the methods of 
other service objects. 
The service designer may collect / extract information about what tasks the service interaction diagrams 
should fulfil by essential or real uses cases, and by the post-conditions of the service operation contracts. 
Therefore, the creation of service interaction diagrams is (mainly) dependent upon the prior creation of real 
(or essent 
' 
ial) use cases, service conceptual model(s), and service operation contracts (see Figure 4.19. ). 
Regarding the contracts however, it is essential to recognise that the previously (in the service analysis 
phase) defined post-conditions are merely an initial best guess or estimate of what must be achieved and they 
may not be accurate. 
VML defines two kinds of interaction diagrams, either of which can be used to express similar or even 
identical message interactions; namely collaboration diagrams, which illustrate object interactions in a graph 
or network format, and sequence diagrams, which illustrate interactions in a kind of fence format 
[BOOC98j[EVITOO]. The use of collaboration diagrams for the expression of service interaction diagrams is 
preferred over the use of sequence diagrams, because collaboration diagrams are characterised by 
expressiveness, an ability to convey more contextual information (such as the kind of visibility between 
service ob ects), and a relative spatial economy 26. 
Nevert heless, either notation can express similar constructs. What is really important is that service 
interaction diagrams is one of the most significant artifacts created during both service analysis and service 
25 
" In general, a responsibility is defined as "a contract or obligation of a type or class" [BOOC97]. 26 
. 
It'is possible to express more semantics in a given space with collaboration diagrams, than with sequence 
diagrams. It is also easier to express (with clarity) conditional logic and concurrency. 
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design, because the skilful assignment of responsibilities to service objects and the design of collaborations 
between them are two of the most critical (for the satisfaction of the service requirements andthus for thý 
successful realisation of a service) and unavoidable tasks (which also require the application of &sig'n ski 
' 
11) 
that have to be performed during service creation [LARM98]. 
This activity of the service design phase consists mainly from the following steps: 
Lte 
, 12 
1: Identify the service COs. 
During this step, the service IOs depicted in the service conceptual models (main and ancillary) that were 
created in the service analysis phase (see Section 4.8.3. ) are considered as potential candidates for seMce 
Cos. In many cases, service 10s are mapped to one corresponding service CO encapsulating the information 
defined by the service 10 and providing an operational interface to access that information. However, the 
mapping between service IOs and service COs is not necessarily one to one. Furthermore, the existence of a 
relationship between service IOs, either provides a good rationale for encapsulating them together in the 
same service CO or indicates the need for a binding between interfaces of their corresponding service Cos 
[DECL97][DEME99]. 
This mappingprocess is significantly simplified by adopting the use of the generic (access session, service 
session, and communication session related) service COs, proposed by the TINA-C service architecture (see 
Section 2.5.2. ), in terms of their identified functionality and not in terms of specific interfaces / feature sets. 
The generic TINA-C service COs that are considered during this step are those listed in Table 2.3. (see 
Section 2.5.2. ). They correspond to the service 10s that are included in the generic TINA-C information 
models (see Section 4.8.3.2. ). Furthermore, by taking into account the related documentation that : is 
available by the TINA-C [TIN95d][TIN95e][TIN96b][TIN97a][TIN98a], Table 4.1. and Table 4.2. - are 
constructed and reveal the way that the functionality of the TINA-C service COs was devised. 
Service 10s / Session Concepts TINA-C Service Components 
Access Session (AS) with User-Provider Roles PA and UA 
Access Session (AS) with Peer-to-Pecr Roles PeerA and PeerA 
User Domain Access Session (UD-AS) PA 
Provider Domain Access Session (PD AS) UA 
Peer Domain Access Session (Peerl)ý_AS) PeerA 
User Profile with User-Provider Roles UA 
User Profile with Peer-to-Peer Roles PeerA 
Contract with User-Provider Roles PA and UA 
Contract with Peer-to-Peer Roles PeerA and PeerA 
Table 4.1.: Mapping between service concepts and TINA-C access session related service COs. - -ý 
Regarding these two tables, it has to be noted that when a session concept is mapped to a TINA-C service 
CO, then the service CO supports the functionality and state of the session, and controls the resources which 
are part of the session. If a session concept is mapped to several TINA-C service COs, then each of them 
supports part of the functionality and state, and controls some of the resources of the session. . 
Vvlhen a 
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service 10 is mapped to a TINA-C service CO then the information represented by the service 10 is 
contained within the TINA-C service CO, which may also provide access to that information to other TINA- 
C service COs. Finally, from Table 4.2. is evident that the service 10s of the SSG information model 
(Figure 4.15. ) may be supported by many of the TINA-C service session related service COs, depending on 
the design decisions of the service developer(s). 
Service 10s / Session Concepts TINA-C Service Components 
Service Session (SS) ss-UAP, USM, SSM 
Usage Service Session (USS) ss-UAP, USM 
User Domain Usage Service Session (UD-USS) ss-UAP 
Provider Domain Usage Service Session (PDLUSS) USM 
Provider Service Session (PSS) SSM 
Composer Domain Usage Service Session (Compl)LUSS) COMPUSM 
Peer Domain Usage Service Session (Peerl)ý-USS) PeerUSM 
SSG Information Model 10s ss-UAP, USM, SSM, CompUSM, PeerUSM 
Table 4.2.: Mapping between service concepts and TINA-C service session related service COs. 
Considering Table 4.1. and Table 4.2., together with the service requirements and any other artifact 
produced by the proposed methodology so far, the service IOs depicted in the service conceptual models 
(main and ancillary) that were created in the service analysis phase (see Section 4.8.3. ) are mapped to the 
appr , opnatd service COs. As a result of this process a table is constructed listing all the service COs that will 
be used in the service design phase and their corresponding service 10(s). 
Considering the previous discussion, the following actions take place during this step: 
* Consider the generic TINA-C service COs and their mapping to service 10s (Table 4.1. and Table 4.2. ). 
* Relate each service 10 in the service conceptual models (main and ancillary) to the appropriate service CO. 
Construct a table regarding the service COs that will be used during the service design phase. 
R 2: Consider the generic TINA Ste -C service scenarios and select the most appropriate. 
After identifying the service COs and before proceeding to the construction of the service interaction 
diagrams, the computational views of a number of generic TINA-C service scenarios, deduced by the 
computational modelling guidelines of TINA-C [TIN96b][TIN97a], should be considered. These are useful 
f6r improving structure and general comprehension throughout the service design phase, and for offering to 
the service developer(s) a generic pattern of thought, compatible with fundamental TINA-C concepts, that he 
she could use / consider when designing the service interaction diagrams. More specifically, the service 
develO'Per(s) should select the most appropriate from the following generic TINA-C service scenarios: 
Service scenario of User-Provider roles 
In this -service scenario, which is depicted in Figure 4.2a, two users are using a service in a provider 
dornain, which acts in both an access provider role and a usage provider role. 
141 
Chapter 4: A Methodologyfor the Development of Telematic Services 
ion inwrmm 
obvm in= 
User Domain! ProviderDomatin User Domaln 
Figure 4.20.: A generic TINA-C service scenario involving user-provider roles. 
Access session related service COs (as-UAP, IA, PA, UA) provide a framework for offering secure and 
personalised access to services and for supporting mobility. Service session related service COs (ss-UAP, 
USM, SSM) provide a framework for defining services which can be accessed and managed across multiple 
domains. Finally, the communication session related service COs provide end-to-end connectivity - and 
support the establishment of a stream binding between two stream interfaces on the ss-UAPs of the two 
'users (see also Section 2.5.2. ). 
Service scenario ofPeer-to-Peer roles 
In this service scenario, which is depicted in Figure 4.21., two domains cooperate in order to provide a 
service session between two users. The two users are consumers of different retailers. Both of the retailer 
domains act in provider roles, while the consumer domains act in user roles. 
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Figure 4.21.: A generic TINA-C service scenario involving peer-to-peer access and usage roles. 
The retailers act in peer roles towards each other at the access level, as both domains are able to initiate 
an access session with the other domain, request the use of services, and forward invitations to consumers of 
the other domain. The IA is used (again) as the initial contact point for the other domain wishing to establish 
an access session. A PeerA in one of the domains, wishing to interact with the other domain, contacts the IA 
and uses it to gain an access session with the PeerA of the other domain. In this service scenario, the retailer 
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domains are interacting to set-up a federated service session. Tberefore, a PeerUSM is used by each of the 
domains to represent the other domain in the service session. The PeerUSMs interact in a peer usage role, to 
keep the other service session up-to-date with changes in the local service session 27. 
Service scenario of Composition 
In this service scenario, which is depicted in Figure 4.22., two service sessions are combined using 
composition. Access session related service COs are used to establish a relation between the domains 
involved in the composition in the same manner as in either of the previous two service scenarios. 
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Figure 4.22.: A generic TINA-C service scenario involving a compound service session. 
Furthermore, a service session in one domain initiates the composition by making a request to the access 
service COs in order to start (and use) a'second service in another domain. This causes a SF in the second 
domain-to instantiate a service, in a similar way to the user-provider service scenario. When the initial 
request is confirmed, a SF in the first domain instantiates a CompUSM, which allows the first service to use 
(i. e. act as a usage party to) the new service. It has to be noted that the relation between the services could be 
reversed with the new service adopting a usage party role to the requesting service. This would be reflected 
in the usage session components instantiated in each domain. 
3: Form the service interaction diagrams. 
-, A telematic service is composed of a set of service COs interacting with each other via messages with the 
objective to complete the required service operations. The service operation contracts present an initial best 
guess at responsibilities and post conditions for the service operations. Service interaction diagrams illustrate 
the proposed design solution (in terms of service COs) that satisfy theses responsibilities and post conditions, 
and'therefore the corresponding service operations. 
A service interaction diagram in the form of a UML collaboration diagram is created for each one of the 
service operations that were identified in the service analysis phase (see Section 4.8.4. ). The objective is to 
fulfil the responsibilities and the post-conditions of the corresponding service operation contracts, 
recognising however that their accuracy should be questioned. 
As was explained in step I of this activity the service COs that participate in the service interaction 
diagrams are drawn from the service conceptual model(s). Therefore, the links between them are actually 
instances 'of the associations present in the service conceptual model(s), represent connection paths between 
service ob ect instances, and indicate that some form of navigation between the instances is possible. More j 
27 In this service scenario the two domains act in peer roles at both the access and usage levels, although this is not 
. mandatory. 
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specifically, in order for a service object to send a message to another service object it must have visibility to 
it. Thus, it is important to ensure that the necessary (attribute, parameter, locally declared or global) 
visibility is present in order to support the required message interaction [JAC099][LARM98][RLJMB9l]. - -, 
Finally, as was mentioned in Section 4.6.9., all telematic services have a "Start Up" use case and some 
initial service operation related to the starting up of the telematic service. Therefore, there should also bý a 
"Start Up" service interaction diagram, which is proposed to be created last. Although the "Start Up" 
service operation is the earliest one to execute, the development of its service interaction diagram should be 
delayed until after all other service operations have been considered. This ensures that significant 
information has been discovered concerning what initialisation activities are required to support the "Start- 
Up" service operation interaction diagram. The way that a telematic service starts and initialises is affected 
by related concepts / guidelines in the TINA-C service architecture (e. g. it is assumed that the IA must. be 
present at the provider domain), and is dependent upon the DPE, the programming language, and the 
operating system that is being used. 
Taking into account the previous discussion, the following actions take place during this step: 
Create a separate service interaction diagram for each service operation under development in the current 
service development cycle. More specifically, for each service operation, create a service,, interaction 
diagram with it as the starting point. 
Design a set of interacting service COs with the intention to fulfil the responsibilities and post-conditions 
of the appropriate service operation contracts. Consider also the corresponding use case descriptions. 
e Split each service interaction diagram into smaller diagrams (if it gets complex). 
4.9.4. Definition of Service Design Class Diagrams. 
Another important artifact created during service design is the service design class diagram, which illustrates 
the specifications for the software classes of a telematic service using a strict and very informative notation. 
More specifically, from the service interaction diagrams the service designer identifies the software classes 
(service classes) that participate in the software realisation of the telematic service under examination, 
together with their methods, and from the service conceptual model(s) the service designer adds detail to the 
service class definitions. 
A service design class diagram typically includes / illustrates service classes, their attributes and methods, 
attribute type information, navigability, and associations and dependencies between service classes. It has to 
be noted that in practice, service design class diagrams and service interaction diagrams are usually created 
in parallel. Furtherinore, in contrast with a service conceptual model, a service design class diagram shows 
definitions of software entities (service components), rather than real-world concepts. 
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It has to be noted, that the service design class diagram constructed during this activity can be (optionally) 
. 
"er ýn*Ced by the specification of service classes / service COs using the TINA-C Object Definition 
Language (ODL) [TIN96a][TIN96b], which is an enhancement (or a superset) of the OMG's IDL, and 
permits the definition of objects that have multiple interfaces and the definition of stream interfaces among 
others 28 [KITS95][MERC97]. 
The following steps are proposed for the creation of a service design class diagram: 
Ste 
,g1: 
Identify the service classes that participate in the software realisation of the telematic service by 
analysing the service interaction diagrams. 
Step 2: Draw all the identified service classes in a simple service design class diagram. 
3: Duplicate the attributes to the service classes from the associated concepts in the service conceptual 
-II 
model(s). All attributes are assumed to be private by default. 
4: Add method names to the service classes by analysing the service interaction diagrams. In general, 
the set of all messages sent to a service class X across all service interaction diagrams indicates the 
majority of methods that service class X must define. 
S= 5: Add type information to the attributes, method parameters, and method return values. It is only 
recommended when automatic processing of the service design class diagram is anticipated by a 
specialised software tool. 
6: Add the (different types oo associations necessary to support the required attribute visibility. In 
general, associations are added in order to satisfy the ongoing memory needs indicated by the service 
interaction diagrams. 
Step 7: Add navigability arrows to the associations to indicate the direction of attribute visibility. 
Ste . Add dependency relationship lines to indicate non-attribute visibility between service classes (i. e. j2 8: 
parameter, global, or locally declared visibility). 
ste2Z 9: Split the service design class diagram into smaller diagrams (if it gets complex). 
4.9.5. Definition of Service Architecture Layers. 
Ibis activity starts with the definition of draft service architecture layers, if they haven't already been 
defined during the requirements capture and analysis phase (see Section 4.6.8. ). Then, the service 
architecture layers are illustrated using packages, as can be seen in Figure 4.23., which group elements that 
have related functionality, with relatively high coupling and collaboration. Such a diagram is called a service 
architecture package diagram and has the advantage of presenting in a structured way all the important 
constituent parts of the design of a telematic service. 
28 TINA-C ODL has been issued recently as ITU-T standard Z-130 [BERNOO]. 
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UML provides the package mechanism for the purpose of illustrating groups of elements or subsystems. 
A package is a set of model elements of any kind, such as classes, use cases, collaboration diagrams'or other 
packages (nested packages). Tberefore, an entire telematic service may be considered within the scope of a 
single top level package (the "Telematic Service " package). It has to be noted that a package defines a 
nested name space, so elements with the same name may be duplicated within different packages. 
A service architecture package diagram can be (optionally) annotated with dependencies between its 
packages. Furthermore, during this activity, the service design class diagram, which is included in'the 
"Service Domain COs / Classes" package, can be partitioned into smaller parts with the use of packages 
placed inside the "Service Domain COs / Classes" package. More specifically, the packages that will be 
created in that way can contain elements of the service design class diagram that belong to the same 
conceptual area, are in a type hierarchy together, participate in the same use cases, or are generally strongly 
associated. 
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Figure 4.23.: Service architecture layers expressed in terms of LTML packages. 
This partitioning becomes necessary as the service development proceeds and the service design class 
diagram is approaching an unwieldy size. In that way, detailed elements of the service design class diagra'm 
are placed into larger abstractions, supporting a higher-level view of the diagram in terms of more simple., 
and thus more easily comprehensible and manageable, functionality groupings. It has to be noted that. the 
packages that are used for the partitioning of the service design class diagram can also be used (optionally) 
in subsequent service development cycles, for the partitioning of the main service conceptual model with 
similar benefits. 
Taking into account the above mentioned guidelines and remarks, this activity consists mainly of the 
following steps: 
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S Lej2 I. - Defme draft service architecture layers (if not yet done). 
S Ue 2: Draw a service architecture package diagram. 
Step--3: Partition the service design class diagram using suitable packages (optionally). 
ft 
_4. - 
Annotate the service architecture package diagram with dependencies between its packages (optionally). 
4.9.6. Definition of a Database Schema. 
This activity is performed only when the telematic service under development is storing and retrieving 
information in a persistent storage mechanism, such as an object or relational database [GOEB95]. In this 
case, some service COs require persistent storage (persistent objects). If an object database is used to store 
and retrieve service COs, then there is relatively little effort required on the part of the service developer to 
interact with the database. However, because of the prevalence of relational databases, their use is often 
required. Then, a number of problems arise due to the representation mismatch between service COs and the 
record-oriented way they are stored in relational databases. Because of these problems the use of a 
persistenceframework, which is a reusable (and usually extendible) set of classes that provide facilities for 
persistent objects, is necessary [GAMM95][LARM98]. Typically, a persistence framework will translate 
service COs to records and save them in the (relational) database, and translate records to service COs when 
retrieving them from the database. It is evident that the use of a persistence framework affects considerably 
the de sign of a database schema. 
4.9. T. Concluding Reitharks. 
The activities of the service design phase can be seen in Figure 4.18. The artifacts that are produced during 
this phase can be seen in Figure 4.19. From the service design model depicted in Figure 4.24., is evident 
that real use cases are members of the service design use case model, service interaction diagrams are 
members of the service object behaviour model, because they describe the behaviour of service COs, and 
service design class diagrams compose the service class model. 
Furthermore, for reasons of completeness, the service design model includes service state diagrams for 
service, COs / classes as members of the service design state model, although their creation is not 
recommended as was explained in Section 4.8.7. Such diagrams may be useful to summarise the results of a 
service'design (at the end of the service design phase) or when the service code is to be produced with a code 
generator that will be driven by the state diagrams. 
4.9. & Complementafy and Alternative Approaches. 
In the service design phase, SDL can be used to describe the behaviour of a telematic service exploiting the 
fffilite state machine concept. Then, the SDL specification will serve also as a basis for validation, simulation 
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and test case generation [COMB99]. In general, for making formal models of telematic services and being 
able to reason about these models, SDL is undoubtedly the notation of choice, as the tool support for SDL is 
perhaps the most advanced of all the formal notations existing today. However, adopting an SDL-bai6d 
approach cannot guarantee that the developed services will be error free and the value of SDL for service 
creation purposes is questioned [OLSE99], as it may introduce unnecessary complexity in the service design 
phase. Furthermore, the application of SDL can be difficult (or even problematic) in the case of relatively 
complex telematic services with many service objects interacting in non-trivial ways, due to the problem of 
state space explosion. 
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Figure 4.24.: The service design model. 
. In the case that the use of SDL is considered to be necessary, it has to be noted that SDL can be combined 
with UML and IDL [ACT99a]. More specifically, SDL constructs can be obtained from UML diagrarns, 
through the use of suitable mapping conventions, and the IDL code can then be generated from the SDL 
specification. In an alternative approach, the interfaces of the service objects are first described using UML 
and IDL, and then the IDL specification is used to generate a SDL skeleton to which behaviour is finally 
added. Instead of using SDL, other formal notations that can be used are LOTOS (Language Of Temporal 
Ordering Specifications) [BRIN87] and object-Z (STEP92]. 
In the service design phase, service COs have a dominant role. Their interfaces are the result. of the 
examination of the service 10s and the corresponding information models that they participate in, which 
reveal the way that service 10s are related to each other. This aggregation of interfaces into a service CO 
ensures the semantic understanding that operations at one interface may affect the behaviour" of other 
interfaces because they may be linked by a common, underlying information model captured by the service 
CO. Therefore, such information models influence considerably the parameters and the semantics of the 
operations found on the interfaces of the service COs. 
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In order to aid the service development process TINA-C, proposes and prescribes a set of generic 
interfaces for the generic TINA-C service COs. These interfaces correspond to the interactions that take 
place between business administrative domains, support a particular session role, and are defined by the 
appropriate, reference point specifications. TINA-C assembles the proposed interfaces intojeature sets. A 
feature set is a group of related interfaces that exposes restricted parts of the appropriate information 
model(s) for manipulation or examination, defines the details of interactions between service COs, and 
specifies levels of functionality inside a service (e. g. basic or multiparty session control) [TIN97a]. If a 
feature set is supported by a domain, the domain supports all of the interfaces in the feature set, which are 
associated with its session role. In general all domains in a session must support the same feature sets. It has 
to, be noted that the basic feature set (BasicFS) allows business administrative domains to exchange and 
agree the use of additional non-standardised interfaces. This is essential to obtain service specific interfaces 
and value added interfaces above or instead of TINA-C standard session control. 
The proposed methodology does not suggest the use of the TINA-C feature sets because: 
In order to be applied successfully (i. e. in order to select the appropriate feature sets and customise them 
according to the specific service requirements) they require deep knowledge of the TINA-C service 
architeýture by the service developer(s) together with considerable related experience. Otherwise, their 
application is very likely to lead to poor and inefficient service designs. It is evident that this requirement 
for TINA-C expertise can be very restrictive, especially for small and medium sized service providers. 
Their application can be a complex task especially when they have to be custornised according to the 
specific service requirements. In these cases, it is very likely that they will introduce more complexity than 
necessary in the service design phase. 
Their use tends to make service developers focus on the service design phase underestimating all the 
previous phases. In that way, they increase the possibility of having a service design that doesn't reflect 
(correct or even at all) the real service requirements. 
Th6ir applic . ation is very likely (especially in relatively complex telematic services) to create a "semantic 
gap" between service analysis and service design. This is mainly due to the fact that TINA-C does not 
explain sufficiently the way that feature sets were created and their exact relationship with the TINA-C 
information models [LEW198]. This "semantic gap" can have serious negative implications for the 
maintainability and future evolution of the telematic service under examination. 
The ir specification by TINA-C is not yet complete. 
Althou I gh not suggested, feature sets can possibly to be applied during the service design phase of the 
proposed methodology. More specifically, service developers with a TINA-C expertise can critically use 
them as an aid (by taking from them whatever they consider useful) when devising and constructing the 
interfaces of the service COs. However, service developers should not use feature sets as an excuse for not 
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carefully performing the requirements capture and analysis phase and the service analysis phase. Moreover, 
they should try to fully integrate them in the service'design -phase, improving as much as possible. the 
consistency of the results of this phase with the results of the previous phases. Finally, it has to be noted that 
the importance of feature sets is expected to increase when their specification by TINA-C is completed. -The 
application of feature sets will be especially useful for telematic services that span multiple business 
administrative domains and have to consider composition and federation issues. 
4.10. Service Implementation Phase. 
During this phase an implementation of the telematic service (service code) is generated from the service 
specifications and the deployability of the overall implementation on a TINA-C compliant DPE is examined 
(DPE targeting). It is assumed that at the beginning of this phase a specific (object-oriented) programming 
language and a specific distributed object platform are chosen (see Section 4.6.1. ). 
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Figure 4.25.: Service implementation phase activities. 
The activities of the service implementation phase can be seen in Figure 4.25. The dependencies between 
the artifacts produced during this phase can be seen in Figure 4.26. This figure also shows the way that. the 
service implementation phase artifacts depend on some of the service design phase artifacts. The activities, of 
this phase are examined in the following section. 
The engineering representation of a service CO (using an object-oriented programming language like C++ 
or Java) is called an engineering Computational Object (eC0). The mapping between service COS and their 
eCOs is one to one: no eCO represents a composition of service Cos nor is a service CO represented by more 
than one eCOs. The interfaces of an eCO represent the interfaces of its corresponding service . CO [KýLL95]. " 
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However, they may be modified by type conversions for operation parameters or by adding operations needed 
for the eCO's interaction with other eCOs (e. g. those that provide required distribution transparencies). 
Furthermore, a management interface may be added, with operations to be performed by the object instance 
after its. creation (constructor), just before its destruction (destructor), after activation or before deactivation. 
These modifications and additions depend significantly on the exact characteristics of the selected DPE. 
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Figure 4.26.: Service implementation phase artifact dependencies. 
With the completion of the service design phase there is sufficient detail to generate code for the service 
objects and construct the appropriate eCOs. For this purpose the service design phase artifacts (and especially 
the service interaction diagrams and the service design class diagram) provide a significant degree of the 
necessary information and the translation process is relatively straightforward, especially if service classes 
are implemented (and tested) from the least coupled to the most coupled. More specifically, as a service 
interaction diagram shows the messages that are sent in response to a method invocation, the sequence of 
these messages translates to a series of statements in the method definition. Furthermore, from the service 
design class diagram, a mapping to the basic attribute definitions and method signatures is almost evident. 
Despite these facts, the service implementation phase is not a trivial code generation process. The results 
generated during the service design phase have an approximate nature. During progmmming and testing 
many changes will be made and detailed problems will be uncovered and resolved. However, because of the 
nature and structure of the proposed methodology, the service design phase artifacts will provide a resilient 
core that scales up with elegance and robustness to meet the new problems encountered during programming. 
Consequently, change and deviation from the service design phase artifacts during the service implementation 
phase should be expected and planned for (see also Section 4.6. ). After all the spirit of iterative development 
is to capturea "reasonable" degree of information during the service analysis phase, filling in details during 
the service design phase. Similarly, it is in the spirit of this process to capture a "reasonable" degree of 
design'results during the service design phase, filling in further details during the service implementation 
phase. The definition of "reasonable" is, as it was expected, a matter ofjudgement [HANS97][LARM98]. 
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4.10.1. Structure of the Service Implementation Phase. 
The activities of the service implementation phase, which can be seen in Figure 4.25., depend significantly 
on the selected programming language and on the target DPE. Taking this into account, this phase is 
structured in the following way: 
ActiviN 1: Create IDL Specifications. 
Each service class of the service design class diagram is specified using IDL based on the ODL 
specifications or (in the case that these were not created) on information deduced by the appropriate, service 
interaction diagrams and the service design class diagram. It has to be noted that IDL is capable to express 
less semantics than the UML artifacts created in the service design phase. Although, there are approaches 
that add the extra (missing) functionality to IDL (without having to extend it) through the use of structured 
comments and contract objects [WATY, 98], the service developer is usually responsible to ensure that ;t 
he 
service code is semantically equivalent with the outcome of the service design phase. 
ActivitE 2. Implement Service Class and Interface Definitions. 
The service class and interface definitions are implemented in the programming language of choice 
(possibly automatically) by taking into account the IDL specifications. During this process the. service 
design class diagram is also considered in order to avoid errors resulting from possible misinterpretation of 
the IDL specifications. When DCOM and Visual C++ are used, the service class and interface defmitions 
can be generated automatically using the ActiveX Template Library (ATL), which is a rapid ActiveX 
development tool that is an integral part of Visual C++ 6.0. 
jcfiviW. ý. - Implement Methods of Service Classes. 
The methods of the service classes are implemented in the programming language of choice by examining 
the service interaction diagrams and by considering the service class and interface definitions. Reusability 
matters are also examined in this activity (see Section 4.10.2. ). 
ActiviU 4: Implement Graphical User Interface (Windows). 
The service GUI is implemented by taking into account the remarks of the users regarding the user 
interface prototype that is being used (see Section 4.6.7. ) and the related design considerations as were stated 
in activity 2 of the service design phase (see Section 4.9.2. ). The user interface prototype can be the basis for 
the implementation of the service GUI (depending on the technology that was used for its creation), in order 
to avoid implementing the service GUI from scratch. 
ActiviM 5, Implement Reports. 
If the generation of reports by the service is desirable according to the service requirements then these, are 
implemented in this activity. Reports can also be considered by the user interface prototype of the service. 
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Activitv 6: Implement Database Schema. 
The database schema that was designed in activity 6 of the service design phase (see Section 4.9.6. ) is 
implemented in this activity using the technology of choice (object database or relational database with a 
persisien'ýe framework). 
Acfiviaý 7: Integrate Implementation Work. 
In this activity, the separate parts that constitute the service code are assembled and connected together, in 
order to behave in an integrated manner, and their efficient execution upon the target DPE is ensured. The 
UML component and deployment diagrams can be used to defte mechanisms and functions required to 
support distributed interactions between the service objects in the target DPE. 
Activitv 8: Prepare for Testing 
The test cases and the test data that will be used in the next phase (service validation and testing phase) 
are designed in this activity, which is also responsible for the completion of any (usually limited) 
implementation work that may be needed for starting testing. 
4.10. Z! MPortant Reusability Matters. 
The service implementation phase is a phase in which reusability matters should be considered seriously (i. e. 
more seriously than in the other phases). According to the TINA-C service architecture new services can be 
realised by enhancing already existing components (e. g. with the use of inheritance) or by defining new ones 
[TIN97a]. Therefore, the service independent components that are specified by TINA-C and other suitably 
created (and carefully selected) service components can be considered as reusable units in the creation of 
new services. They may be used in a service implementation as they are, or as the basis for the construction of 
a service specific component More specifically, service dependent components may, either inherit or aggregate 
the characteristics of service independent components, or have a relation with them [ADA00g]. This activity 
can be greatly facilitated and enhanced by the construction of service independent component libraries, where 
components can be expressed in UML (various notations), ODL, C++ / Java, etc. [DEME99][VERSOO]. 
The exploitation of the available service independent components in the service implementation phase, and 
in previous phases (depending on the nature of the available component libraries), begins with the selection 
and reuse of the appropriate service independent functionality. Then, the service dependent segment is 
developed, by exploiting as much as possible the service independent segment. Finally, the two segments are 
integrated [ACT96a][ECKE97][POLY98]. This process can be expressed with the following series of steps 
(fine tuning implies 4 feedback loop): 
Configure the access session related segment: 
- Select the access session related functionality. 
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- Customise (if necessary) the selected access session related functionality. 
Configure the service session related segment: 
- Select the service generic functionality. 
- Customise (if necessary) the selected service generic functionality. 
-Determine the service specific functionality. 
-Develop the service specific functionality. 
-Fine tune the relations between the service generic and the service specific part. 
* Fine tune the relations between the access session and the service session segment. 
Configure the communication session related segment: 
- Select the communication session related functionality. 
- Customise (if necessary) the selected communication session related functionality. 
Fine tune the relations between the service session and the communication session segment. 
* Integrate all three segments (access, service, and communication session). 
4, Prepare the end user system. 
Finally, as was mentioned in Section 2.6., the reusable component libraries and the related software tools 
(reuse infrastructure) that were constructed in the RACE project SCORE [RAC95b] and the ACTS project 
SCREEN [ACT98a] can be used (with appropriate modifications) by the service developer(s) when creating 
services according to the proposed methodology. 
4.11. Service Validation and Testing Phase. 
Validation takes place in this phase by comparing the developed service software against-the service 
specifications produced at the service design phase and by ensuring that it meets the service requirements 
[ADA98a](GASP96]. Therefore, at the end of every service development cycle, the service code is tested in 
order to determine whether it behaves like expected, i. e. whether it behaves like specified during the service 
design phase, and in this way it is also examined whether the right telematic service is being built. Testing is 
proposed to be done using conventional testing practices (e. g. walkthroughs, condition and data flow testing, 
boundary value analysis, etc. ) [GRA95a][SOMM93] and it is evident that it can initiate the reconsideration 
of the service code and possibly its modification. A limitation inherent in the testing process is that it cannot 
be exhaustive, but it can undoubtedly increase the quality of the service implementation and maximise the, 
possibility to have a service that is accepted by its users. 
The main types of testing that are proposed to be conducted in this phase are unit testing, integration testing, -, 
system testing, and acceptance testing. Only unit testing, which refers to the testing of individual service* 
classes, should be done in every service development cycle. Integration testing may happen less frequently, ' 
and system testing and acceptance testing usually take place during the last service development cycle.. " 
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Figure 4.27.: The influence of service implementation work in the proposed service development process. 
With this phase a service development cycle ends and another one (depending on the exact nature of the 
specific service requirements) is ready to start. A significant strength of the iterative and incremental service 
development process adopted by the proposed methodology is that the results of a prior service development 
cycle can feed into the beginning of the next service development cycle. Thus, subsequent service analysis 
and service design results are continually being refined and informed from prior service implementation work 
(see Figure 4.27. ). For example, when the code in cycle N deviates from the service design of cycle N 
(which it inevitably will), the final service design based on the implementation can be input into the service 
analysis and service design models of cycle N+I. For this reason, as can be seen from Figure 4.3., an early 
activity within a service development cycle is to synchronise the created artifacts. More specifically, the 
artifacts of cycle N will not match the final service code of cycle N, and they need to be synchronised before 
extended with new service analysis and service design results. 
4.12. Support from Software Tools. 
As was mentioned in Section 2.6., the service developer(s) decide about the software tools that will support 
the proposed methodology when creating / customising the SCE that will be used in combination with the 
methodology. This is an important decision, as tools of any kind (either simple tools that are widespread, 
such as word processing and graphics construction packages, or more complex specialist tools) can facilitate 
significantly the application of the proposed methodology, especially for the development of complex 
telematic services, improving the productivity and efficiency of the service developer(s). However, this is 
also a difficult decision, because of the wide variety of proprietary tools that are currently available and 
ýecause. the consequences of choosing inadequate or inappropriate tools cannot be ignored. 
.- Therefore, tool selection should be based on a thorough understanding of the proposed methodology, of 
the capabilities of the evaluated tools, and of the contribution of these tools when used in combination with 
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the methodology. Furthermore, related standards [IEEE93] should be taken into account and carefully 
chosen tool selection criteria (e. g. existing organisational expertise, cost, documentation availability, 
performance, easy of use, ability for integration, etc. ) should be used [RAC95c]. Examples of software tools 
that can be considered are the various modelling tools that support UML (e. g. ROSE from Rational, 
Paradigm Plus from Platinium, etc. ), and the ACE (Application Construction Environment) CASE tool that 
supports the TINA-C object model [BERS95]. 
4.13. Summary and Conclusions. 
Emerging telecommunications systems promise to offer a wide variety of highly sophisticated, personalise. d, 
affordable, high quality, and ubiquitous services over the widest possible coverage area. Several providers 
are involved in such an ambitious (yet realistic) service provisioning scenario in which competition. will 
mostly focus at the service level, with multiple providers offering new services to the market in a short time 
over a variety of networks and end systems [DIDR99][MOTA99]. In the light of these challenges and 
because of the highly increasing complexity of new telecommunications services and the inherent distributed 
nature of them, a methodology covering the whole service development process, like the one proposed and 
examined in this chapter, is absolutely necessary. 
This chapter starts by recognising (taking also into account the concept of the service life-cycle) that 
building new telecommunications services in a distributed and heterogeneous environment is very difficult 
unless there is a methodology to support the entire service creation process in a structured and systematic 
manner, assure a good quality result, reduce the development time, and assist and constrain service designers 
and developers by setting out goals and providing specific means to achieve these goals. Then, important 
related approaches in the service engineering area that attempt to Address these needs are briefly presented 
and it is argued that none of them can qualify as a service development methodology. 
After justifying the importance of proposing such a methodology and after providing some initial evidence 
about its novel character, the benefits from using the UML notation for modelling purposes are identified. - 
Then, an overview of the proposed methodology is given, emphasising on its important characteristics. 
Therefore, the four initial sections of this chapter (4.1., 4.2., 4.3., and 4.4. ) clearly reveal that the Proposed 
service development methodology "covers" the entire service creation process, considers telematic 'services 
as distributed object-oriented applications operating upon distributed object platforms, adopts an incremental 
and iterative use case driven approach, and exploits fundamental object-oriented analysis and 
design 
concepts, important TINA-C results, and the UML notation. 
The rest of this chapter, after considering some important methodological issues regarding time-box 
scheduling, the distinction between service analysis and service design and the timing of the creation. of 
certain artifacts, is devoted to the presentation and examination of the proposed methodology. 
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This methodology enforces the service developer to take into account all the necessary features for the 
successful design and realisation of a service by exploiting the session-oriented, multi-party, multi-domain 
nature of the TINA-C service architecture. It provides a step by step approach from problem definition to the 
realisation of new telecommunications services. For this purpose, the service is studied and described (in a 
number of service development cycles) at hierarchically related abstraction levels, in the sense that at each 
level the results achieved at previous levels of abstraction are preserved and refined. Additionally, the use of 
the object-oriented paradigm is advocated all along the development process. Consequently, this methodology 
combines the benefits of object-oriented modelling, particularly in terms of scalability and reusability, with 
those provided by a top-down approach [DEME99][GASP96]. Moreover, as service requirements are empha- 
sised, such an approach ensures a high level ofconfidence that the users' expectations on the service will be met. 
It is'evident that the proposed methodology, which is part of the proposed telecommunications service 
engineering framework of Figure LL, satisfies Requirements 1,2,5,8,9,11, and 14 (see Section 1.3. ). 
More specifically, the proposed service development methodology has the following benefits: 
It guides successfully service developers during the entire service creation process offering them a well- 
defined activity roadmap that enables them to proceed in a step by step fashion from service requirements 
to the service code. 
" It facilitates the recognition and understanding of typical service engineering problems with respect to a 
particular service, and assists the deduction and expression of solutions for them in an adequate manner. 
" It assists and constrains service developers by taking into account all the peculiarities of 
-. telecornmumcations services and by properly structuring the service creation problem domain. More 
: 'precisely, it improves their reasoning power by structuring important service engineering activities, it 
increases their efficiency by reusing service specifications, and it promotes a clear separation between 
"what" the service is and "how" the service is provided. 
It reduces risk, as it increases the likelihood of creating a successful telematic service, by emphasising the 
careful understanding of the service requirements and by promoting appropriate service analysis and 
servi ce design strategies. 
" It creates a detailed process that can be repeated and duplicated by individuals and especially by service 
development teams. 
" It avoids complexity overload and manages the otherwise overwhelming complexity that usually 
characterises the development of telematic services, by appropriately modelling services and by abstracting 
to find and examine only the essential details. 
i It creates robust and maintainable object-oriented telematic services by adopting fundamental OOAD 
principles and by emphasising service analysis and service design, recognising that it is cheaper and easier 
to make changes during these phases rather than during the service implementation phase. 
It supports reusability at different abstraction levels. 
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Such a methodology can result in an efficient and effective standardised process for the. systematic 
development of telematic services, at lower cost, higher quality, increased speed, meeting the needs of the 
users and the enterprise better, and leading to lower maintenance costs. Moreover, a common approach can 
be used throughout an enterprise, which means that more integrated systems can result, the management of 
related projects will be significantly facilitated, staff can easily change from project to project without much 
retraining, the reuse of service specifications and software will be greatly supported, and a base Of common 
experience and knowledge will be achieved [ADA98a][ADA99b][DECL97]. 
The major research contribution of this chapter is the proposed service development methodology. The 
importance of this contribution is evident when considering the need for a service creation methodology and 
the benefits of the proposed methodology, as discussed earlier. Furthermore, Section 4.2. explains'the 
I novelty of the contribution when the proposed methodology is considered as a whole. However, espite om 
being a service development methodology, the proposed methodology has also the following novel 
characteristics [ADA98a][ADA99b][ADA00b][ADA00c][ADA00d][ADA00fl: 
It addresses in sufficient detail and in a concise, structured, systematic, and unambiguous way all the 
service creation phases. 
It emphasises the satisfaction of the user requirements which are, reflected in the service design and in the 
service code. 
It adopts an incremental and iterative use case driven approach and provides guidance for its realisation. 
It critically filters the TINA-C service architecture and adopts only certain parts of it that considers useful 
in a service creation process. 
It promotes the use of the UML notation (suitably customised), with all the corresponding: benefits, 
throughout the service creation process. 
9 It facilitates reusability, without underestimating the importance of carefally identifying and considering 
the service requirements. 
It has to noted that, before reaching any final conclusions regarding the proposed service development 
methodology, it is necessary to experiment with it and apply it to the development of a specific telematic 
service. Such attempts are examined in the following chapter where the proposed methodology is validated 
and evaluated. Finally, it must be kept in mind, that to obtain the maximum possible productivity gains and 
to exploit the full potential of the methodology it is not sufficient to apply it in a mechanical manner. On the 
contrary, an adaptation of the methodology to the service developer's attitude and to the wider organisational 
mentality and approach regarding telecommunications and information technology in general, i§'req'utre4: -. In' 
this way, the proposed methodology will be able to support service creation activities even*more effectivelyý, 
without restricting the creativity of service developers, and by utilising fully their prior service development 
experience. 
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5.1. Introductl6n. 
Explosive increase in service variety as well as in globalisation and customisation of services produce ever 
Increasmg pressures for the efficient support of service engineering activities in an environment open to 
changes in market and technology. Furthermore, as the complexity of telecommunications services and 
networks is growing, the creation of high quality telecommunications software is becoming more and more a 
labour-ifitensive, costly, and uncertain undertaking. Therefore, responding to the requirements of the 
emerging open telecommunications service marketý in Chapter 4a service creation methodology was 
proposed and presented focusing on its essential characteristics, with the intention to assist service 
developers, in a structured and systematic manner, during the entire service development process. 
The proposed methodology adopts an incremental and iterative use case driven approach, recognises the 
importance of distributed object platforms as service execution environments, exploits fundamental object- 
oriented , an alysis and design concepts, incorporates important TINA-C results, and uses the UML notation. 
As can be seen from Figure 4.3., it can involve several service development cycles and is structured 
according -to a number of phases. The most important of them are the requirements capture and analysis 
pha]se, the service analysis phase, the service design phase, the service implementation phase, and the service 
validation and testing phase. 
From the detailed description of these phases in Chapter 4 is evident that devising, constructing, and 
suitably presenting a service development methodology is a complicated task, as it has a wide scope, requires 
extended skills for the analysis and synthesis of conceptual structures, and involves the consideration of a 
variety of factors. Furthennore, this task is impossible to be viewed as a pure theoretical exercise, because 
the success of such a methodology depends on its ability to be applied, in an efficient and effective manner, 
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to the development of actual telematic services, and the only way to take into account - and, examin&. this 
ability is by gaining significant practical experience on the use of the methodology for various services 
under different circumstances. For this reason, this chapter, which complements and supports Chapter 4, has 
a more practical nature and attempts to determine the applicability, the correctness, and the completeness of 
the proposed service development methodology by performing appropriate validation and. evaluation 
activities [ADA00fl. The significance of these activities has been identified in Section IA, as they, constitute 
one of the main objectives of this thesis and an important research contribution of it. 
More specifically, Section 5.2. validates the proposed service development methodology and determines 
its practical value. In the context of this section, validation is the task of checking that the proposed method- 
ology can be used efficiently and effectively for the development of new telecommunications services and is 
performed by applying the methodology to the development of specific services. Therefore,, Section 5.2., 
after justifying this validation approach and clarifying the expectations from it, describes in a concise manner 
(in Section 5.2.1. ) the development of a complex characteristic telematic service (a MultiMedia Conferencing 
Service for Education and Training, MMCS-ET), according to the main phases of the proposed methodology. 
A number of additional simple validation attempts, regarding the application of the methodology to several 
different Simple services, are then outlined (in Section 5.2.2. ), focusing on the description of the service sce- 
narios that they incorporate. The conclusions from all these validation attempts are included in Section 52.3 '. 
One of the benefits from validating the proposed methodology was the motivation for its enhancement 
from the feedback that was generated. The most important methodology extension that was devised in this 
way is related to the exploitation of design patterns and is examined in Section 5.3., where a number, of 
general purpose design patterns specifically constructed for the proposed methodology are proposed ar; d 
presented, together with the basic characteristics of service engineering design patterns. The extended service 
development methodology is then evaluated in Section 5.4. according to the Normative information M&del- 
based Systems Analysis and Design (NIMSAD) framework and the results of this evaluation are highli ghted- 
Finally, Section 5.5. surnmarises the whole chapter emphasising on the research contributions included in it. 
5.2. Validation of the Proposed Methodology. 
As was mentioned in Section 5.1., the service development methodology that was proposed and presented in 
Chapter-4, is in need of a proper validation. Information systems'development methodologies and gehera 'I 
purpose object-oriented software development methodologies are usually validated by applying the 
methodologies to the development of a number of typical / characteristic systems, illustrating the important 
models that are created, commenting on decisions that have to be made, offering additional guidelines when 
required, and pointing out any potential problems that may appear, together with possible ways to encountcý 
them [AVIS95][GRA95a](GRA95b][JAC099]. 
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Ile use of such examples or case studies or test cases for a variety of validation purposes is also a very 
common practice in the area of service engineering, as is indicated by the vast majority of RACE and ACTS 
EU projects, and especially by the ACTS project VITAL (Validation of Integrated Telecommunication 
Architectures for the Long term), which used this approach (very successfully) in order to demonstrate and 
validate the development, deploymentý management and use of heterogeneous service features on an Open 
Distributed Telecommunication Architecture (ODTA), which is TINA-based, while integrating existing 
networlýing concepts, such as TMN, IN, and the Internet [CANA99][MOTA99]. Furthermore, in most of the 
attempts to define various methodologies in the area of service engineering that were mentioned in Section 
4.4., validation is done by using suitable examples or case studies [ACT96b)[ACT97a][ACT98d][ACT99a] 
[EUR94b][EUR97c][EUR97d][EUR98b][MC94a][RACE96]. Therefore, the "validation by example" 
approach seems to be very successful for methodologies of different origins and different objectives and is 
also widely acceptable and accredited. For this reason, it is selected for the validation of the proposed service 
development methodology. 
Because of this decision, in order to validate the proposed methodology and examine its usefulness, 
correctness, consistency, flexibility, effectiveness and efficiency, several simple scenarios, regarding a 
variety of service creation activities for different simple telecommunications services, were considered. The 
application of the methodology to these service scenarios confirmed that the methodology has all the above 
anticipated positive characteristics. 
ý0, 
verify and reinforce these findings under (more) realistic conditions, and to determine also the true 
practical value and applicability of the proposed methodology, all the phases of the methodology were used 
for the development of a real telematic service. The chosen service is a MultiMedia Conferencing Service 
for Education and Training (MMCS-E7), because it is expected to have great demand in the near future 
[PAP98a][PAP98b] and because it is considered to be a characteristic and easily comprehensible multimedia 
telematic service, with sufficiently complex and varied functionality, that can be used successfully for 
validation purposes offering the maximum possible benefit [VOLM97]. 
All these validation attempts, which are described in the following sections, provided valuable feedback, 
enlightened many aspects regarding the proposed process (in terms of phases, activities, and steps) and the 
modelling approach that is followed, revealed different perspectives for considering some matters, pointed 
out a number of deficiencies, and (in general) resulted to the further improvement of the methodology (see 
als o'Section 5.3. ). The development of the MMCS-ET is examined first and is described and analysed in 
significant detail (both in Section 5.2.1. and Appendix A), because it is considered to be the most important 
valid ation attempt due to its wide scope and its realistic nature. In addition to validating the proposed service 
development methodology, the MMCS-ET (as it is being gradually realised in a step by step fashion 
proceeding'through the different phases of the methodology) provides also a representative example of the 
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use of the methodology to those interested in employing it for the development of new telecommunications 
services (e. g. service developers, service designers, etc. ) and increase in that way their understanding of the 
methodology and their confidence on its effectiveness [ADA99b] [ADA00b] [ADA00fl. 
5.2.1. The Development of a MMCS-ET. 
The rich functionality of a MMCS-ET prohibits the detailed presentation and explanation of its development 
according to the proposed service creation methodology in this section, because such an attempt-would 
require a lot of space, destroying the structure and decreasing the readability of the entire chapter. Therefore, 
the development of the MMCS-ET is only described briefly in this section, focusing mainly on the most 
important artifacts that were created during the application of the different phases of the methodology, 'and 
considering only part of the service functionality (four characteristic use cases). 
However, as the full details of this validation attempt are important for the better comprehension of thp 
proposed methodology and of the way that it can be applied, and also for the appreciation of its Practical 
value, Appendix A ("Detailed Presentation of the Development of a MMCS-ET using the Proposed 
Methodology') includes more information in a structured manner, taking into account the complete 
functionality of the MMCS-ET. The intention is thus to use this section (5.2.1. ) for offering a general 
understanding of the way that the methodology is applied to the development of the MMCS-ET (without 
missing the important points) and for providing the motivated reader with a roadmap capable of guiding him 
her through the contents of Appendix A enabling him / her to get the most out of its study. 
Finally, it has to be noted that both this section and Appendix A, for reasons of simplicity, do not take into 
account that the MMCS-ET was developed in several service development cycles, and present everything as 
if the MMCS-ET was developed in a single service development cycle. Moreover, this section starts with a 
brief introduction to the family of telematic services that the MMCS-ET belongs, which represents the 
attempt of the service developer to familiarise himself / herself with the wider application domain that 
encompasses services like the MMCS-ET (see also Section 4.6.2. ). 
5.2.1.1. Telematic Services for Education and Training. 
Modem post-industrial societies are characterised by a growth and diversification of information anq 
communication needs. As a consequence, a deep innovation in the contents and techniques of the educational 
and training processes has become a mandatory task. Future education and training is in need of proper 
practices and tools able to overcome space, time, and performance demands, which are pointed out by the 
increasing geographical distribution of education and training centres, the need for a continuous updating in. - 
tcchnology-related information, and the learning effectiveness provided by the integrated use of multiple 
forms of information [CHIR95][PAPA971. 
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Learning of any sort is an active, dynamic, and active feedback process with imagination driving action in 
a variety. of exploratory and interactive activities WCF94]. Therefore, it can only take place effectively 
given. a. suitably supportive environment, able to provide both a rich resource and a flexible stimulus 
[SCHA9ý]. Such a supportive environment can be created by the utilisation of multimedia communication 
systems in education and training (telelearning systems), mainly because they permit, in a flexible and 
gradually more and more inexpensive way, the storage, transmission, processing, presentation, and in 
general, manipulation, of virtually all types of information (data, text, pictures, audio, video). Thus, the 
students / trainees can interact with the instructors and with each other as if they were together in the same 
classroom. Attempts in this direction have taken the form of interactive distance learning, distributed 
learnmg, interactive teletraining, and teleteaching [CHIR95][FOW96b][GLAR92]. These are teleleaming 
systems which promote better quality learning opportunities, a greater quantity of training options, and 
generally a more enhanced learning process [PAP98b]. 
The following types of telelearning can be identified [PAP98a]: 
*Audlo-: telelearning., It supports two-way audio communication between the instructor and learners at 
yemote sites (audioconferencing). 
eAudiographic telelearning. - It is audio teleleaming supported by enhanced image or data transmissions 
(audiographic conferencing). 
Multimedia telelearning., It supports two-way audio and video communication between multiple locations 
using sophisticated computer technology (computer-based interactive videoconferencing) 1. 
The most important benefits of such teleleaming systems are increased flexibility in the delivery of 
learning, reduced learning time, reduced cost, instructional consistency, privacy, mastery of learning, 
increased retention and motivation, the ability to share limited instructor resources, and the fact that students 
trainees enjoy learning (edutainment) [GIAR92][PAPA97]. Research comparing teleleaming to traditional 
face-tO-face instruction indicates that teaching and studying at a distance can be as effective as traditional 
instruction, - when the method and technologies used are appropriate to the instructional tasks, there is 
student-to-student interaction, and timely teacher-to-student feedback [FOW96b]. 
Although teleleaming has undeniable benefits, caution is necessary as organisational and management 
ýtrucýures need to be adapted along with this new mode of delivery, course design needs to be carefully 
structuýedý and appropriate pedagogies thoughtfully chosen. In this manner, interactive teleleaming systems 
will quickly mature and support in a more active, flexible and economic way, highly individualised, just-in- 
time, and on-demand educational and training processes [PAP98a][PAP98b]. 
37 
' 
he 1ýWCS-ET that is being developed using the proposed service development methodology is a representative 
example of multimedia telelearning. 
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5.2.1.2. Requirements Capture and Analysis Phase. 
At the beginning of the first phase of the proposed methodology the main objective of the MMCS-ET'is 
specified (step 2, activity 2) 2. This is to enable a teacher / trainer to teach a specific course to a nu4erof 
geographically dispersed / distributed students / trainees 3. The service should establish an educational 
session between the teacher and the remote students that is equivalent to the educational session that would 
have been established between the same people (teacher and students) in a traditional classroom. 
Further investigation (step 3, activity 2) revealed that every educational session has at least one, teacher 
and that a teacher can participate in only one educational session at a given time, while a student can't 
participate in more than one educational sessions simultaneously. The establishment of an educational 
session involves the creation of the session by the teacher and the invitation of students to participate in the 
session. A student can't create an educational session and can't invite a new participant (teacher OF student) 
to a session. A student participating in a session can only invite to direct communication with'hirn / her 
another student, who is also (already) a participant in the same session. 
The educational session established in a virtual classroom by the MMCS-ET should be equivalent to the 
educational session established in a traditional classroom and should have as many characteristics as 
possible in common with it. More specifically, in a traditional classroom the teacher has the ability to 
manage the educational session. Besides establishing the session he / she can also modify the session (e. g. by 
removing a student from the classroom and thus from the session), suspend and resume the session e. g. by 
allowing the students to have a break for a few minutes without leaving the classroom), and finally finish the 
session (e. g. by ringing a bell or by telling it to the students who leave the classroom and end the session). 
The same capabilities should also characterise the teacher in a virtual classroom. 
Furthermore, in a traditional classroom the teacher and the students can interact (and possibly collaborate) 
during an educational session in the following ways: 
By seeing and talking to / hearing each other. This is the most common way of interaction. 
9 By writing at their notepads. In this way, a teacher can interact with only one student at a time, and e. g. 
see / correct his / her answer to an exam question. 
By writing at the blackboard of their classroom. In this case, everyone in the classroom sees what is 
written at the blackboard and everyone can write something at the blackboard. 
By exchanging course material (e. g. documents, graphs, etc. ). This material can be used during or after th6 
educational session, according (usually) to the instructions of the teacher. 
2 Such statements refer always to the phase of the methodology that is currently examined. More details are given in 
Chapter 4 where the proposed methodology is presented. 
3 For reasons of simplicity, the rest of Section 5.2.1. will refer to teachers and students implying teachers trainers 
and students / trainees respectively. 
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Therefore, in a virtual classroom there is a need for audio / video (AN) communication among all the 
session participants (to substitute face to face contact), text communication between only two session 
participants (as that achieved with the use of notepads), text communication among all the session 
participants (as that achieved with the use of a blackboard), file communication between the session 
participants (for the exchange of course material), and collaboration among all the session participants in 
order to perform a common task. 
By analysing all the above mentioned (unstructured) requirements a set of initial service requirements are 
identified (step 4, activity 2). These are structured in the following way (step 5, activity 2): 
- Group communication support requirements: 
- Session related requirements: 
Session establishment support (support for session creation and user invitation). 
Session modification support. 
Session suspension support. 
Session resumption support. 
Session termination support. 
- Interaction requirements: 
Audio / video communication support. 
Text communication support. 
File communication support. 
- Collaboration support requirements: 
- Synchronous requirements: 
Chat support. 
Voting support. 
- Asynchronous requirements: 
4 File exchange support. 
The business environment (step 6, activity 2) assumed for the N4MCS-ET is depicted in Figure 5.1. The 
users of the service (teacher, students) and a service provider (MMCS-ET service provider) are 
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distinguished as stakeholders (independent actors / entities). The teacher and the students correspond to the 
generic (business) role of consumers of the service and have the service independent specific role of an end- 
user. The MMCS-ET service provider corresponds to the generic (business) role of both a retailer. and a 
connectivity provider. As can be seen from Figure 5.1., the transport service provided by the connectivity 
provider goes through intermediate service retailing. Through this configuration only the Retailer (Ret) inter- 
domain reference point becomes relevant. The interactions that should be considered betweeri'each pair'of 
generic (business) roles of the MMCS-ET are access, service usage, and communications usage iniera&16ns. 
During these interactions, the actors of the MMCS-ET can take either a user/party or a provider session role. 
RcE # MMCS-ET session related functions Category 
SF. I. I. Contact the MMCS-ET provider domain. Hidden 
SF. I. 2. Enable a user to log in with an ID (user name) and password in order to use the telematic service. Evident 
SF. I. 3. Check the length of the password provided by a user during the log in process. Hidden 
SFAA Cipher the password provided by a user during the log in process. Hidden -- 
SF. I. 5. Check the validity ofthe ID (user name) provided by a user during the log in process. Hidden 
SFAA Decipher the password provided by a user during the log in process. Hidden 
SF. I. 7. Check the validity of the information (user name and password) provided by a user during the log in process. Hidden 
SFAX Provide a persistent storage mechanism, Hidden 
SF. I. 9. Start a new MMCS-ET session. Hidden 
SFAAO. Determine whether a (potential) user is a subscriber ofthe MMCS-ET service. Hidden 
SFAA 1. Check whether a user has started a new MMCS-ET session or not. Hidden 
SFA. 12. Check whether a user is a teacher 
;ra 
student. Hidden 
SF. 1.13. Check the status of a user (whether a user is logged-in or active). Hidden_-- 
SFA. 14. Change the status of a user. Hidden 
SF. 1.15. Invite a student to join an existing MMCS-ET session. Evident 
SF. I. 16. Maintain a list with all the logged-in users. Evident 
SFA. 17. Maintain a list with all the users that participate in a MNICS-ET session (active users). Hidden 
SFA. 18. Check whether a user participates in a MMCS-ET session or not. Hidden 
SFA. 19. Enable a student to accept the invitation to join an existing MMCS-ET session. Evident 
SF. 1.20. Invite a student that participates in a MMCS-ET session to direct communication. Evident 
S F. 1.2 1. Enable a student that participates in a MMCS-ET session to accept the invitation for direct communication from 
another student that participates in the same MMCS-ET session. 
Evident 
SF. 1.22. Remove a student from a MMCS-ET session in which he / she participates. Evident 
SFA. 23. Terminate direct communication between two students that participate in the same MM[CS-ET session. Evident 
SF 124 Terminate an existing MMCS-ET session. Evident MI K 
Terminate the MMCS-ET service. Evident 
Table 5.1.: Session related MMCS-ET functions. 
The service requirements regarding the NIMCS-ET (activity 3) consist mainly of a set of desirable 
service functions that are structured according to the categories used for the structuring of the initial service' 
requirements. Thus, Tables 5.1., 5.2., and 5.3., depict the most important desirable session'. related, 
interaction related, and collaboration support N1MCS-ET functions respectively. 
Taking into account the MMCS-ET functions and the initial service requirements, and considering the 
teacher and the students as the only external actors of the MMCS-ET (i. e. the NMCS-ET service provider is 
considered an internal actor), a number of use cases are deduced (activity 4) by using both the. actor-based 
and the event-based method (see Section 4.6.4. ). These are: 
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I ReE# * MMCS-ET interaction related functions Category 
SF. 2.1. - Establish text communication between two users that participate in the same MMCS-ET session. Evident 
SF. 2.2. Send a (text) message to a user that participates in a MMCS-ET session. Evident 
SFI. 3. Maintain a list with all the recently exchanged (text) messages between two users that participate in the same MMCS- 
ET session. 
Evident 
SF. 2.4. Establish AN communication between two users that participate in the same MMCS-ET session. Evident 
SF. 2.5. Stop an existing AN communication between two users that participate in the same MMCS-ET session. Evident 
SF. 2.6.. Start a blocked AN communication between two users that participate in the same MMCS-ET session. Evident 
SF. 2.7. Terminate an established AN communication between two users that participate in the same MMCS-ET session. Evident 
SF. 2.8. Establish file communication between two users that participate in the same MMCS-ET session. Evident 
SF. 2.9. Send a file to a user that participates in a MMCS-ET session. Evident 
SF. 2.10. Maintain for each user that participates in a MMCS-ET session a list with all the other users, that participate in the 
same MMCS-ET session, and are in direct communication with him. 
I 
Evident 
I 
Table 5.2.: Interaction related MMCS-ET functions. 
-Ref, # MMCS-ET collaboration support functions Category 
SF. 3.1. Establish a chat between all users that participate in a MMCS-ET session. Evident 
SF. 3.2. Send a (text) message to all users that participate in a MMCS-ET session. Evident 
SF. 3.3. Establish file communication between the teacher and all the students that participate in a MMCS-ET session. Evident 
SF. 3.4. Send a file to all students that participate in a MMCS-ET session. Evident 
SF. 3.5. Initiate a voting process between all users that participate in a MMCS-ET session. Evident 
SF. 3.6. Enable voting between all users that participate in a MMCS-ET session. Evident 
SF. 3.7. Calculate the outcome of a voting process between all users that participate in a MMCS-ET session. Hidden 
SF. 3.8. Inform all the users that participate in a MMCS-ET session about the outcome of the voting process. Evident 
Table 5.3.: Collaboration support MMCS-ET functions. 
6ontact the MMCS-ET provider (start up the MMCS-ET service). 
e. Log in to the MMCS-ET provider domain. 
9 Start a new MMCS-ET session. 
Invite a student to join a MMCS-ET session. 
" Join a MMCS-ET session after being invited. 
" Invite a student (active user) to direct communication. 
" Accept direct communication with a student (active user). 
" Engage in text communication with an active user. 
" Engage in file communication with an active user. 
" Engage in AN communication with a student (active user). 
" StOP AN communication with a student (active user). 
" Start AN communication with a student (active user). 
Terminate AN communication with a student (active user). 
Engage in a chat with all active users. 
Engage in file communication with all students (active users). 
Start a voting process between all active users. 
Vote in a voting process between all active users. 
Present the outcome of a voting process to all the involved active users. 
9 Terminate direct communication between two students (active users). 
167 
Chapter 5: Validation and Evaluation of the Proposed Methodology 
Remove a student from a MMCS-ET session. 
9 Terminate a MMCS-ET session. 
o Terminate the MMCS-ET service. 
Use Case: Invite a student to join an MMCS-ET session. 
Actom Teacher (initiator), student. 
Typ e: Primary. 
Description: A teacher (logged in user) invites a student (logged in user) to participate in an educational training session. On 
completion, the student is left to decide whether to accept this invitation by the teacher or not. 
Use Case: Join a MMCS-ET session after being invited. 
Actors: Student (initiator), teacher. 
Typ e: Primary. 
Description: A student (logged in user) accepts the invitation to participate in an educational / training session by a teacher. The 
teacher is informed about the decision of the student. On completion, the teacher and the student are ready to engage in 
direct (textý audio / video, and file) communication with each other. 
Use Case: Engage In text communication with an active user. 
Actors: Teacher (initiator), student or student (initiator), teacher or two students (one of them is the initiator; the one that sends 
the message). 
Typ e: Primary. 
Description: A user, participating in a MMCS-ET session, sends a (text) message to another user, participating in the same MMCS- 
ET session. Both users are ready to engage in direct communication with each other. On completion, the two u. setý are 
engaged in text communication. 
Figure 5.2.: The high-level form of the target use cases. 
These use cases are examined in several iterative service development cycles. However, in Section 5.2.1., 
for reasons of clarity and simplicity, only three characteristic use cases are examined (target use cases) in the 
same way as if it was only one service development cycle. These (target) use cases are expressed in a high- 
levelformat (step 3, activity 4) in Figure 5.2. 
5.2.1.3. Service Analysis Phase. 
This phase starts with the definition of essential use cases which are expressed in an expanded format 
(activity 1). Figures 5.3., 5.4., and 5.5. depict the target use cases in their expanded form. 
The middle section of an expanded use case (the "Typical Course of Events") is the most important as it 
describes in detail the required interaction between the actors and the telematic service (MMCS-ET). A 
critical aspect of this section is that it describes the most common sequence of activities needed for the 
successful completion of a service process. Alternative situations or exceptions that may arise with respect 
to the typical course are included in the final section of an expanded use case (the "Alternative Courses"). -, 
All the MMCS-ET use cases, together with their relati onships, are illustrated in the (simplified) use case 
diagram (activity 2) of Figure 5.6. 
Based on the expanded use cases, the (main) service conceptual model (step 4, activity 3) of Figure 5.7. 
is created for the MMCS-ET. More specifically, the noun phrases in the text of the expanded use cases 
(shown in italics) are considered as candidate service concepts and attributes (step 1 and step 3, activity. ý). 
Furthermore, as an attribute is a logical data value of a service object, the main service conceptual. model 
includes all the attributes for which the service requirements suggest or imply a need to remember 
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Use Case. Invite a student to join an MMCS-ET session. 
Actors. Teacher (initiator), student. 
Purpose: Describes the invitation of a student tojoin an educational / training session by a teacher. 
Overview. A teacher (logged in user) invites a student (logged in user) to participate in an educational / training session. On completion, 
the student is left to decide whether to accept this invitation by the teacher or not. 
Typ e. Primary and essential. 
Cross References: Service Functions: SF. 1.8., SF. 1.9., SF. 1.10., SF. 1.11 , SF. 1.12., SF. I. 13., SR 1.17. Use Cases: The users involved in the current use case must have completed the use case 
"Loz in to the MMCS-ETprovider domain". 
Typical Course ofEvents. 
I Actor Action Service Response 
T'his use case begins when a 
teacher (logged in user) decides 
to invite a student (logged in 
user) to an educational/ training 
session (a MMCS-ETsession). 
2.71e teacher specifies the user 3. Examines whether the teacher has already started a new MMCS-ET session or not, by querying the 
name of the student that he / she MMCS-ETproviderprofile. 
wants to invite to a MMCSýET If the teacher has not already started a new MMCS-ET session, see / initiate use case "Start a New 
session, and the name of the MMCS-ETSession". 
service (MMCS-EI) that the If the teacher has already started a new MUCS-ETsession, continues. 
MMCS-ETsession is part of. 
4. Locates a list containing information about all the users that participate in the MMCS-ET session 
(active users) with the help ofthe MMCS-ETsession 1. 
5. Examines whether the user that initiated the invitation is active or not and whether he / she is a teacher 
or notý using the active user information list. 
Finds that the user that initiated the invitation is an active teacher. 
6. Locates the MMCS-ETserviceproftle by querying the MMCS-ETsession. 
7. Locates the userproftle ofthe student that the teacher wants to invite (e. g. student A) by querying the 
MMCS-ET service profile. 
S. Informs the userprofile ofstudent A about the teacher invitation tojoin the MMCS-ETsession. 
9. Examines whether the user that the teacher wants to invite is a student or not, by querying the 
appropriate userprofile. 
Finds that the user that the teacher wants to invite is a student. 
10. Examines the status ofstudent A by querying the user profile ofstudent A. The student can be, either 
a logged in user or an active user (participating already in a session of the MMCS-ET service or of 
another service). 
Finds that student A is a logged in user. 
11. Locates a catalog containing subscription information about all the users that am subscribers of the 
MMCS-ET service with the help of the userproftle ofstudent A. 
12. Examines whether student A is a subscriber of the MMCS-ET service or not, using the user 
subscription catalog. 
Finds that student A is a subscriber ofthe MMCS-ET service. 
13. Informs the MMCS-ETprovider profile that student A has been invited by the teacher to join the 
MMCS-ETsession. 
14. Prompts student A to accept or reject the invitation ofthe teacher tojoin the MMCS-ETsession. 
Ifternative Courses: 
Event 5: The user that initiated the invitation is not active and / or he / she is not a teacher. However, only a teacher can invite a student to join 
MMCS-ET session and a teacher after starting a new MMCS-ET session is always active (see use case "Start a New MMCS-ET Session'). Indica 
the error to the user. 
Event 9. The user that the teacher wants to invite is not a student (i. e. he / she is a teacher). However, only one teacher can participate in a MMCS-E 
session at a given time. Indicate the error to the teacher. 
Event 10: Student A is an active user (i. e. he / she participates already in a session of the MMCS-ET service or of another service) 2. However, 
student can participate in only one session ofthe MMCS-ET service or ofanother service at a given time. Indicate the error to the teacher. 
Event 12: Student A is not a subscriber of the MMCS-ET service. Indicate the error to the teacher. 
The fact that the user that initiated the invitation has started a new MMCS-ET session ensures that this user is an active teacher. Therefore, events 
and 5 are not necessary. However, they are included as a means of extra error checking. 
The MMCS-ET session that student A already participates could be initiated, either by the specific teacher or by another teacher. In the former cas 
the teacher is already in direct communication with the student and he / she invites him / her again by mistake. 
Figure 5.3.: The expanded form of use case "Invite a student to join a NlMCS-ET session". 
i. nformation. These attributes are not depicted in Figure 5.7 for reasons of clarity, but can be seen in 
Appendix A (Figure, 4.1. ). Service concepts are related by associations which indicate some meaningful and 
interesting connection. Therefore, the main service conceptual model of the MMCS-ET includes all the 
associations (step 3, activity 3) for which knowledge of the corresponding relationship needs to be preserved 
169 
Chapter 5: Validation and Evaluation of the Proposed Methodology 
Service Response 
Use Case: Join a MMCS-ET session after being invited. 
Actors: Student (initiator), teacher 
Purpose: Describes the way that a student accepts the invitation to join an educational / training session by a teacher. 
Overview. A student Oogged in user) accepts the invitation from a teacher to participate in an educational / training session. The teacher 
is informed about the decision of the student. On completion, the teacher and the student are ready to engage in direct (text, 
audio / video, and file) communication with each other. 
Typ e: Primary and essential. 
Cross References: Service Functions: SF. 1.8., SF. 1.10., SF. 1.13., SF. I. 14., SF. 1.17, SF. 1.19. 
Use Cases: The users involved in the current use case must have completed the use case 
"Invite a student to loin an MMCS-ET session". 
Ical Course ofEvents: 
Actor Action 
1. This use case begins when a 
student that was invited by the 
teacher (e. g. student A) to join a 
MMCS-ET session decides to 
accept the invitation. 
2. Student A indicates his / her 
decision to accept the teacher 
invitation. 
3. Informs the UMCS-ETproviderprofile for the decision of student A to accept the teacher invitation. 
4. Locates the userprofile of student A by querying the MMCS-ETproviderproftle. 
S. Locates a catalog containing subscription infortnation about all the users that are subscribers of the 
MMCS-ET service with the help of the userproftle of student A. 
6. Examines whether student A is still a subscriber of the MMCS-ET service or not, using the user 
subscription catalog 1. 
Finds that student A is still a subscriber of the MMCS-ET service. 
7. Examines the status of student A (whether he / she is logged in or active) by querying the user profile 
of student A 2. 
Finds that student A is a logged in user. 
8. Changes the status of student A from logged in to active with the help of the user profile of student A 
in order to signify that student A is allowed to participate in the MMCS-ETsession. 
9. Informs the MMCS-ETsession that student A is allowed to participate in the MMCS-ETsession. 
10. Prepares the MMCS-ETsession to consider student A as one of its participants. 
11. Locates a list containing information about all the users that participate in the MMCS-ET session 
(active users) with the help of the MMCS-ETsession. 
12. Updates the active user information list with information regarding student A. 
13. Informs the MMCS-ETproviderprofile that student A is a participant of the MMCS-ETsession. 
14. Locates a list containing information about all the users that am in direct communication with student 
A with the help of the MMCS-ETproviderproftle. 
15. Updates the directly communicating user information list that refers to student A with infirmation 
regarding the teacher. 
16. Indicates that student A participates in a MMCS-ETsession. 
17. Locates a list containing information about all the students that are in direct communication with the 
teacher, 
18. Updates the directly communicating user information list that refers to the teacher with information 
regarding student A. 
19. Informs the teacher that student A accepted his / her invitation and he / she is now a participant of the 
MMCS-ET service. 
Iternative Courses: 
Event L- Student A decides to reject the teacher invitation. Indicate the decision of student A to the teacher. 
Event 6: Student A is not a subscriber of the MMCS-ET service any more. Indicate the error to the teacher and to student A. 
Event 7. - Student A is an active user (i. e. he / she participates in another MMCS-ET session initiated by a different teacher or in a session of anot 
service). I lowever, a student can participate in only one session of the MMCS-ET service or of another service at a given time. Indicate the error to 
teacher and to student A. 
This examination takes place again (see also event 12 of the use case "Invite a student tojoin a MMCS-ET session') because during the time lap 
between the teacher's invitation and student A's response (acceptance), the subscription of student A to the MMCS-ET service may came to an end. 
This examination takes place again (see also event 10 of the use case "Invite a student toi0in a MMCS-ET session") because during the time lap: 
between the teacher's invitation and student A's response (acceptance), student A may became a participant of another MMCS-ET session initiated 
a different teacher or of a session of another service.. 
Figure 5.4.: The expanded form of use case "Join a NIMCS-ET session after being invited". 
for some duration C'need-to-know" associations), avoiding associations that are not strongly required and', ' 
which do not increase understanding. 
The main service conceptual model of Figure 5.7. is accompanied by the ancillary service conceptual 
models (step 5, activity 3) depicted in Figure 5.8. These models are the result of the customisation of the 
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Use Case. Engage in text communication with an active user. 
Actors: Teacher (initiator), student or student (initiator), teacher or two students (one of them is the initiator, the one that sends the 
message). 
Purpose. Describes the way that text communication is realised between two users that participate in the same MMCS-ET session. 
Overview. A user, participating in a MMCS-ET session, sends a (text) message to another user, participating in the same MMCS-ET 
session. Both users are ready to engage in direct communication with each other. On completion, the two users are engaged in 
text communication. 
Typ e. Primary and essential. 
Cross References: Service Functions: SFI. L, SF. 2.2, SF. 2.3. 
Use Cases: The users involved in the current use case must have completed the use case "Join a MUCS-ET session afteE: 
beinginvile (when one of them is a teacher and the other is a student) or the use case "Accept direct communication with 
student (active user)" (when both am students). 
Typical Course ofEvents. 
ActorAction Service Response 
I. This use case begins when a user (teacher 
or student, e. g. user A), participating in a 
MMCS-ET session, decides to send a (text) 
message (e. g. message M) to another user 
(teacher or student, e. g. user B), partici- 
pating in the same MMCS-ETsession. Both 
users are ready to engage in direct 
communication with each other. 
2. User A specifics the message M that he / 3. Informs the MMCS-ETsession that text communication is taking place between users A and 
she wants to send to user B. B, as user A wants to send message M to user B. 
4. Examines whether text communication between user A and user B is allowed or not by 
querying the MMCS-ETsession. 
Finds that text communication between user A and user B is allowed. 
5. Locates a hst containing information about all the messages exchanged recently between 
user A and user B. This list refers to user A. 
6. Updates the exchanged message information list that refers to user A with information 
regarding the message M that user A sends to user B. 
7. Informs user A about all the messages exchanged recently between him / her and user B, 
using the exchanged message information list that refers to user A. 
S. Transfers the message M from user A to user B, with the help of the MMCS-ETsession. 
9. Locates a list containing information about all the messages exchanged recently between 
user A and user B. This list refers to user B. 
10. Updates the exchanged message information list that refers to user B with information 
regarding the message M that user A sent to user B. 
11. Informs user B about all the messages exchanged recently between him / her and user A, 
using the exchanged message information list that refers to user B. In this way user B is also 
informed about the message M that he / she received from user A. 
Iternative Courses: 
Event 4. Text communication between user A and user B is not allowed. The reason for this is that direct communication between user A and user B i! 
being terminated (see use case "Terminate direct communication between two students (active users)" and use case "Remove a studentfrom e 
MMCS-ETsession"). Indicate the error to user A. 
Figure 5.5.: The expanded form of use case "Engage in text communication with an active user. 
generic TINA-C information models of Figures 4.11,4.12., 4.13., 4.14. and 4.15., according to the 
requirements of the MMCS-ET. 
In an attempt to gain an understanding of the service behaviour, a service sequence diagram (activity 4) 
is created for the typical course of events of each one of the identified use cases (see Figure 5.9. for the 
diagrams corresponding to the target use cases) in the following way: 
A vertical line is drawn representing the MMCS-ET as a black box. 
Each actor that directly operates on the MMCS-ET is identified and a vertical line is drawn for him / her. 
From the use case typical course of events text the (external) service events that each actor generates are 
-identified and illustrated in the correct order on the diagram. 
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figure 5.9.: Service sequence diagrams of the MMCS-ET for the target use cases. 
The effect of the service operatiohs that are revealed from the service sequence diagrams is described in 
service operation contracts. For each service operation, a service operation contract is constructed (activity 
5). Its "Responsibilities" section informally describes the purpose of the service operation, while its "Post- 
conditions" section declaratively' describes the state changes that occur to service 10s in the main service 
conceptual model of Figure 5.7., using a number of suitably selected statements (instance creation, instance 
deletion, attribute modihcation, association formed, association broken, and user interface activation). The 
service o&ratic, fi coritiads of the service operations suggested by the target use cases can be seen in Figures 
5.10., 5. H., and 5.12. 
Name: InviteStudent(StudentName: String) 
Responsibilities: Invite a student (logged in user) to participate in an educational / training session (a MMCS-ET session). 
Typ e. MMCS-ET. 
Cross References: Servicefunctions: SFAX, SF. I. 9., SF. I. 10., SFAA I., SF. I. 12., SF. I. 13., SF. I. 17. 
Use Case: "Invite a student to join a MMCS-ET session". 
Notes: -Use a listcontaining information aboutall the logged in users. 
- Use a list containing information about all the users that participate in a MMCS-ET session (active users). 
- Use a catalog containing subscription information about all the users that are subscribers of the MMCS-ET service. 
Exceptions: - If the user that initiates the invitation is not active and / or he / she is not a teacher, indicate that it was an error. 
- If the user that the teacher wants to invite is not a student and / or he / she is already active, indicate that it was an error. 
- If student A is not a subscnber of the MMCS-ET service, indicate that it was an error. 
Output. 
Pre-conditions: -A teacher logged in to the MMCS-ET provider domain. 
-A student (e. g. student A) logged in to the MMCS-ET provider domain. 
- The teacher decided to invite student A to a MMCS-ET session. 
- The teacher specif ied the user name of student A. 
Posta-conditions. 
" The User (corresponding to the teacher) was associated with the MMCS-ETProviderProfile (associationjormed). 
" This User was associated with the MMCS-ETSession, based on the confirmation that User. SessionCreation was set to true (associationjormed). 
" The UMCS-ETSession was associated with Active UserInformation, based on the satisfaction of the following conditions (associationformed): 
-The user that initiated the invitation was active. 
-The user that initiated the invitation was a teacher. 
" The MMO-ETSession was associated with the MMCS-ETServiceProfile (associationformed). 
" The MMCS-ETServiceProfile was associated with LoggedinUserInformation regarding student A (associationjormed). 
" The MUCS-ETSession was associated with the UserProfile (corresponding to student A) (associationformed). 
" This UserProfile was associated with the UserSubscriptionCatalog, based on the satisfaction of the following conditions (associationformed): 
- UserProfile. Role was already set to student. 
- UserProftle. Status was already set to logged in. 
" The UserSubscriptionCotalog was associated with UserSubscriptionInformation, based on the confirmation that student A was (at that time) 
subscriber of the MMCS-ET service (associationformed). 
" The UserProfile (corresponding to student A) was associated with the MUCS-ETProviderProftle (associationformed). 
" The MMCS-ETProviderProjile was associated with the User (corresponding to student A) (associationformed). 
" Triteraction with student A was prepared (user interface activation). 
Figure 5.10.: Service operation contract of service operation "InviteStudent". 
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Na in e: JoinSession(TeacherName: String) 
Responsibilities. Accept the invitation to participate in an educational / training session (MMCS-ET session) by a teacher. 
Typ e: MMCS-ET. 
Cross References. Servicefunctions: SF. 1.8., SF. I. 10., SIF. I. B., SF. I. 14., SF. I. 17., SF. 1.19. 
Use Case. "Join a MMCS-ET session after being invited". 
Notes: -Use a catalog containing subscription information about all the users that are subscnbers of the MMCS-ET service. 
-Use a list containing information about all the users that participate in a MMCS-ET session (active users). 
-Use a list containing information about all the users that are in direct communication with a specific user. 
Exceptions. If student A is not a subscriber of the MMCS-ET service any more, indicate that it was an error. 
If student A is already active, indicate that it was an error. 
Output. 
Pre-conditions. -A teacher invited a student (e. g. student A) to join a MMCS-ET session. 
- Student A decided to accept the teacher invitation. 
- Student A indicated his / her decision to accept the teacher invitation. 
Fij-Ure 5.11.: Service operation contract of service operation "JoinSession". 
7 EngageTextCom(DestUserNaine: String, Message: String) 
nsibilities: Send a (text) message to another user participating in the same MMCS-ET session. 
MMCS-ET. 
References. Servicefitnctions: SFI. 1, SF1.2, SF. 2.3. 
Use Case: "Engage in text communication with an active user". 
Use a list containing information about all the messages exchanged re-cently between two users. 
tions. If text communication between user A and user B is not allowed, indicate that it was an error. 
conditions. -Two users participated in the same MMCS-ET session and were ready to engage in direct communication. 
-One of the users (teacher or studen4 e. g. user A) decided to send a (text) message (e. g. message M) to the other user (teacher 
or studen4 e. g. user D). 
User A specified the message M that he / she wanted to send to user B. 
Ile User (corresponding to user A) was associated with the MMCS-Mession (associationformed). 
The MMCS-ETSession was associated with TewCommunication (associationjormed). 
The User (corresponding to user A) was associated with ErchangedMessageInformation regarding message M (associationformed). 
Interaction with user A was prepared (user interface activation). 
The UMCS-ETSession was associated with the User (corresponding to user B), based on the confirmation that text communication between users 
and B is allowed (associationjormed). 
The User'(cor'responding to user B) was associated with ErchangedMessageinfor7nation regarding message M (associationformed). 
Interaction with user B was prepared (user interface activation). 
Figure 5.12.: Service operation contract of service operation "EngageTextConf'. 
5.2.1.4. Servl6e Design Phase. 
Taking into account all the artifacts produced so far, in the service design phase, a service interaction 
diagram in the form of a UML collaboration diagram is created (step 3, activity 3) for each one of the 
identified service operations. The objective is to fulfil the post-conditions of the corresponding service 
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operation contracts, recognising however that the previously defined post-conditions are only an initial best 
guess or estimate of what must be achieved, and therefore their accuracy should be questioned. 
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Figure 5.14.: Service interaction diagram for joining a MMCS-ET session after being invited.. 
From these service interaction diagrams (Figures 5.13., 5.14., and 5.15. depict the service interaction 
diagrams for the target use cases) the way that the MMCS-ET service COs communicate via messages in 
order to fulfil the service requirements is evident. The participating MMCS-ET service objects are drawn 
from the main service conceptual model of Figure 5.7. (see Table 5.4. for a mapping between service 10s 
and service COs), after taking into account the service components proposed by the TINA-C service'. ý' 
architecture (see Table 4.1. and Section 2.5.2. ), the service requirements regarding the NiMCS-ET, and 
other previously created artifacts (step 1, activity 3). 
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Figu re 5.15.: Service interaction diagram for engaging in text communication with an active user. 
Service 10s 
ActiveUserInfoTmation ActiveUserlnfo 
AudioVideoCommunication AVCDm 
AudioVideoDevice AVDevice 
BroadcastedMessagelnfonnation BroadcastedMessagelnfo 
ChatFacility ChatFacility 
DirectlyC4DmmunicafingUserlnfonnation DCUserlnfo 
ExchangedMessagelnformation ExchangedMessagelnfo 
FileCommunication FileCom 
LoggedinUserlnfonnafion LoggedinUserInfo 
MMCS-ETProviderProfile PA 
MMCS-ETServiceProfile IA 
MMCS-ETSession ssm, usm 
StreamBinder StreamBinder 
TextCommunication TextCom 
Uscr as-UAP, ss-UAP 
UserPmfile UA 
UserSecuriqCatalog UserSecurityCatalog 
UserSecuritylnformation UserSecuritylnfo 
UserSubscriptionCatalog UserSubsctiptionCatalog 
UserSubscxiptionlnformation UserSubscriptionlnfo 
Voting Voting 
Table 5.4.: Mapping of the service 10s of the main service conceptual model to appropriate service COs. 
The links between the MMCS-ET service objects are actually instances of the associations present in the 
main service conceptual model of Figure 5.7., represent connection paths between service object instances, 
and indicate that some form of navigation and visibility between the instances is possible (attribute, 
parameter, locally declared or global visibility). In order to illustrate the creation (or deletion) of service 
object instances (from service classes), a language-independent creation (or deletion) message (create or 
delete) is shown being sent to the instance being created (or deleted). Finally, it has to be noted that for the 
construction of the service interaction diagrams the generic TINA-C service scenario of user-provider roles, 
d5picted in Figure 4.20. (see also Section 4.9.3. ), is also considered (step 2, activity 3). 
By analysing the service interaction diagrams of the MMCS-ET, all the service classes (together with 
their attributes and methods) participating in the software realisation of the MMCS-ET are identified and 
illustrated in the service design class diagram of Figure 5.16. (activity 4). The attributes of the service 
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classes are not depicted in Figure 5.16. for reasons of clarity. The associations present in this dia&ram 
satisfy the ongoing "memory needs" revealed by the service interaction diagrams and the navigability arrowý 
on them indicate the direction of attribute visibility (non-attribute visibility is indicated by dependency 
relationships). Creation (deletion) -related methods are omitted from the service design class diagram; 
because they can have multiple (implementation specific) interpretations, and because they represent a very 
common activity. For similar reasons, accessing methods (those which retrieve or set attributes) are'also' 
excluded from depiction in the service design class diagram, in order to keep it concise and focused. 
5.2.1.5. Service Implementation Phase. 
Considering all the artifacts produced in the service design phase, the MMCS-ET was implemented on MS 
Windows NT 4.0 using Microsoft's Visual C++ (ver. 6.0) together with Microsoft's DCOM [BROW9811 
appropriately extended with a high-level API in order to support continuous media interactions (see Chaýter 
6), and was executed on a number of workstations connected via a 10 Mbit/s Ethernet LAN 
[ADA00a][PAP98a]. All the interconnected workstations belong to the same (NIS Windows NT) domain 
and one of them functions as a primary domain controller. 
Characts. ýaýS-UAP ýSer 
un ri" 
sc 
-U, 
Egy 
Sawrity 
talog 
kl 
1'ýýInfo 
inn L I.. ýJ, I- [ýrin 
PA 
'UA 
fo Mates 
Inmates 
Coops' User 
- )n Contoin 
user 
rate- eZip Ion 
Catalc c 0: 
1 
jt[:: b 
ýr LbU: 
r 4k)n C bU,. 
5, or 
supports -1 r with stal 02 1 IrIf Voting L 
--- 
Supports 
r 
ýr==. 
.. . Cooperate. " " 
s"AP Uses UM Ith 
r 
S s 
Ml 
sup C 
Fac 
hat 
ility Mena as I 
Su 
DCU 
ý 
Supports 
Info 
5 
Su Supports 
U Managa$ upports upports 
1 
0.4 Br oad. tel Ma AVCom TextCom ReCom Use 
Manages Info I 
T o-. 10 Roallood-b y 
Uses I 
Ex changed nI M n es I - 
l 
Message Sm m Sm U 
a ag . ics Act 1- ive Info Bind 501 User 4; into 
Figure 5.16.: The service design class diagram of the N4MCS-ET (simplified). 
Before starting to implement the service code (activity 3), each service class of the service design class. 
diagram of the MMCS-ET (see Figure 5.16. ) is specified using Microsoft's Interface Definition Language' 
(MIDL), which is an extension of DCE's IDL (activity 1). The UserAgent (UA) service class, which 
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corresponds to the user profile service concept (see Figure 5.7. ), is used as an example. This service class 
has only one interface (IuserAgent), which is defined using MH)L in the following way: 
Definition of an interface 
uuid(36ECA947-5DC5-llDl-BD6F-204C4F4F5020), 
helpstring("IUserAgent InterfaceO), 
pointer_default(unique) 
interface IUserAgent : IUnknown I 
typedef enum (typel, type2, type3, type4) ErrorType; 
HRESULT PrepareUA([in] BSTR* UserInfo, IUnknown* PA_ref); 
HRESULT RecluestNewSession([in] BSTR* ServiceName, 
[in] IUnknown* ssUAP ref, [out] ErrorType* ErType); 
HRESULT InviteStudent([in] BSTR* Tea7cherName, 
[in] IUnknown* SSM ref, [out] ErrorType* ErType); 
HRESULT JoinSession([in] BSTR* TeacherName, 
[in] IUnknown* ssUAP-ref, [out] ErrorType* ErType); 
HRESULT PrepareRemoval(); 
HRESULT NotifyEndSessiono; 
HRESULT TerminateServiceo; 
The purpose of the interface attribute uuid is to match the 128 bit universally unique identifier (that is 
generated by a utility program called uuidgen under MS Windows operating systems) with the interface 
that is currently being defined. This III) (Interface ID) distinguishes the IUserAgent interface from all other 
interfaces. ! be interface attribute helpstring is used to introduce a string that helps to identify the interface 
(e. g. in interface browsers), while the interface attribute pointer default is related with marshaling 
pointers and can hold one of the following three values: ref (reference), unique, and ptr (pointer) [GRIM971. 
In MIDL, functions return a 32 bit value called a HREsULT. A zero value for the most significant bit of a 
HRESULT indicates that a function has executed successfully, while a one indicates that an error occurred. 
The other bits represent the subsystem that generated the error and error information. The parameter list for a 
function uses the : Ln attribute to inform the compiler that the parameter is passed from the client to the server 
and the out attribute to inform the compiler that the parameter is passed from the server back to the client. 
Finally, the IuserAgent interface must inherit, either directly or indirectly, from the IUnknown interface, 
which provides ftinctionality required by all COM objects. Thus, all COM interfaces export the three 
fimctions'[QueryInterface 0, AddRef (), Release of IUnknown in their public interface [RLTB199]. 
The UserAgent service class is defined as a coclass (component class), which is a top-level object in a 
COM object hierarchy, in the following way: 
I-I- 
uuid (543FB20E-6281-llDl-BD74-204C4F4F5020) 
coclass -UserAgent 
[default] interface IUserAgent; 
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The service code that is produced after implementing all the service classes of the service desip class 
diagram of the MMCS-ET (see Figure 5.16. ) has the characteristics of Table 5.5. 
MMCS-ET code 
Number of code lines 
Number of COM objects 
Number of user-defined in eth ads Ifun ctions 
Error checking 
Threading 
Reuse of COM objects 
Notification ofasynchronous events 
7000 
34 
273 
Examination of HRE= 
The simple single threaded model 
The Single Threaded Apartment (STA) ýodel, 
Ile MultiThreaded Apartment (MTA) model 
Aggregation, Containment 
Callback interfaces, Connection points 
Table 5.5.: Implementation characteristics of the MMCS-ET code. 
The first three characteristics (number of code lines, number of COM objects, and number of user-defined 
methods / fimctions) reveal the complexity and difficulty of implementing the MMCS-ET, especially when 
considering that at the beginning of this validation attempt DCOM was a very new technology 4. The other 
implementation characteristics included in Table 5.5. are related with the exploitation of certain DCOM 
capabilities in the MMCS-ET code. These characteristics are: 
* Error checking: In order to track potential problems, the HRESULT value is examined after every function 
call, in a way that reveals the error without affecting the clarity and compactness of the code (see also 
Section A. 5. ). 
" Threading: Specific parts of the service code are executed concurrently by specifying threads. Each thread 
has its own stack and program registers and is managed by the operating system. Multiple threadscan be 
run independently of each other and the operating system schedules their execution. All three COM 
threading models (the simple single threaded model, the single threaded apartment model, the multithreaded 
apartment model) are applied and examined (see also Section 6.3.3. ). 
" Reuse of COM objects: COM ob ect specialisation (and thus reuse) is realised by aggregation and i 
containment (see also Section 6.3.1. ). 
*Notification of asynchronous events: Usually a client connects to a COM object (server) and uses its 
methods. However, in some cases, the server may need to notifý the client whenever some asynchronous 
event takes place. This is done with the use of callbacks, which are functions on the client that are called 
by the server, or with the use of connection points, which are specialisations of callbacks. 
Finally, during the service implementation phase, the user interface of the MMCS-ET is implemented 
(activity 4). It consists of the following windows: 
4 The DCOM specifications matured around 1997 and Microsoft started to officially support DCOM from the 
beginning of 1998. Work on this validation attempt started in 1998 and the first results appeared at the beginning 
of 1999 [ADA99a]. 
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Um Ný 1 eýd. ý' 
Figure 5.17.: The login window of the MMCS-ET. 
Login window: It prompts the teacher and the students to specify their user name and password. If this 
data is correct the corresponding user is considered to be logged-in and the following window appears. 
The login window can be seen in Figure 5.17. 
Figure 5.18.: The participant choice window of the MMCS-ET. 
*Participant choice window: It prompts a logged-in user to choose another logged-in user (from a 
dynamically updated list) in order to start a MMCS-ET session with him / her. The restrictions mentioned 
in Section 5.2.1.2. regarding the role of the inviting user apply. In case of success, an MMCS-ET session is 
started and the following two windows appear. The participant choice window can be seen in Figure 5.18. 
Figure 5.19.: The main user window of the MMCS-ET. 
Main user vvindow: It refers to the way that two users communicate when they are in direct 
communication. Thus. its upper part is used for AN communication and its lower part for text 
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communication. This window is also used to terminate the direct communication between two users. It 
can be seen in Figure 5.19. 
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Figure 5.20.: The common activities window of the MMCS-ET. 
o Common activities window: It is used for chat with all the active users, file exchange (file 
communication), and voting. It can be seen in Figure 5.20. 
5.2.2. Additional Simple Validation Attempts. 
As was explained at the beginning of Section 5.2., the proposed service development methodology is also 
validated by applying it to several simple (but realistic and characteristic [BYER92][BYER93]) service 
scenarios 5, which can be considered as simple telecommunications services. These simple validation 
attempts, due to their (relatively) limited scope and focused nature, were repeated a number of times 
during the construction of the proposed methodology and contributed significantly to its synthesis and 
structuring. Because of their importance and because they reveal the range of service creation activities 
that the proposed methodology can be used for, the scope of the simple validation attempts is presented in 
the following paragraphs by focusing on the description of the service scenarios that they incorporate. 
'rhe service scenarios that were considered are the following: 
Distributed collaborative design 
Many design processes involve the participation of a number of different people with particular skills, 
who may be located in different (geographically distributed) places, according to their specialities. In this 
service scenario, which is depicted in Figure 5.21., three designers (e. g. in different branches of an 
industrial engineering company) at three sites collaborate in a design exercise. For this reason, they need 
to communicate effectively with each other by participating in a multimedia conference, share access to a 
variety of files (e. g. Computer Aided Design - CAD files), and be able to display and process these 
files. 
These capabilities will enable multiple, remote, and iterative contributions to the target design process. 
which is focused on an objective related to the processing of a shared file. 
In order to keep the service scenarios simple, only the core functionality was taken into account with appropriate 
simplifications whenever necessary. Furthermore, the consideration ofuscr interface matters was kept to a minimum. 
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Figure 5.21.: Distributed collaborative design. 
This service scenario is likely to be increasingly prevalent in the future. Benefits include shorter design 
cycles, decreased travel requirements, and reduced isolation of designers. Because of the multimedia 
requirements and the large data volumes of objects like CAD files, broadband facilities are likely to be 
required (although perhaps only on demand for large bursts of data) [PAP98c]. 
Distributed case handling 
This service scenario refers to the handling and management of a series of documents (possibly of a 
multimedia nature) interrelated by a common theme (termed cases) by people (clerks) which are distributed 
across one or more organisations and domains. More specifically, as can be seen in Figure 5.22., two clerks 
are linked to a central case management system. A supervisor at a third site is also indicated. The case 
management system allocates cases to clerks and manages the flow of work. It stores the case files centrally 
and can automatically forward a file to the appropriate clerk. Thus, this service scenario allows both remote 
access to centralised records and automated distribution / management of work. 
Case Management 
System 
ýKý ' jý 
Use casm 
1. Find a fie 
2. Input data 
3. Check progress 
t start fie tr-"er 
Figure 5.22.: Distributed case handling. 
Remote monitorin 
Remote monitoring can cover a wide variety of situations, ranging from monitoring of people to 
monitoring of machines / places, where knowledge of what is happening at a place remote from the inquirer 
needs to be available. As can be seen in Figure 5.23., in this service scenario a patient at home and his local 
therapist (or doctor) are supported by a remote therapist that provides periodic check-ups when the local 
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therapist is absent from the patient's home. The local therapist contacts the service centre and arranges for a 
periodic check-up. This is then provided with the use of a videocamera which allows the remote therapist to 
observe the patient. 
pauent 
e', 
- 
Camora 
Lacd 
We case& Remote 
1. Arrange a check-up 
....... - ------ ýý, MTherapis 
2. Activate remole camera 
3. Monitor patient 
4. Cancel arrangement ! Service Centre 
Figure 5.23.: Remote monitoring. 
Remote database access 
In this service scenario, which is depicted in Figure 5.24., three different forms of remote database access 
are considered. Type I involves an interactive search / information display session (e. g. similar to the one 
established during the use of Internet search engines). Type 2 involves transmission of a query to the 
database and the subsequent downloading of data from the database to the subscriber. Type 3 is similar to 
Type 2, except that in this case the initial searching / querying is interactive, although it is followed again by 
a downloading of the required data. 
Person Database 
Type 1 1. Perform database 
search 
2. Send query 
Person 
Type 2 
Database 3. Retrieve data 
Person 
Type 3 
Database 
Figure 5.24.: Remote database access. 
Remote dalahase utilisation 
This service scenario is conceptually related to the previous one ("Remote database access"). As can be 
seen in Figure 5.25., two professionals (e. g. trainers or teachers) are creating and using a (multimedia) 
database containing multimedia training material. The first trainer loads the training material and the second 
trainer searches for and retrieves particular parts of the training material, annotates them with text (and 
possibly with sound / voice and / or video) and re-loads them in the database. 
Remote access to Mertise 
This service scenario allows people to consult human or machine sources of expertise and enables access 
to expertise to be interactive and efficiently shared by many people who may be geographically distributed. 
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It is important in providing access to remote expertise in various business sectors, including medicine, 
manufacturing and transportation. In Figure 5.26. an example from a manufacturing factory has been 
chosen [PAPA96]. In this case the target is stationary and the expert can be either stationary or mobile. In 
other cases, the reverse situation may apply (e. g. in transportation). 
Database Person 1 
Use cases, 
1. Load infannation 2 1ý 3 
2, Search database 
ý 
3. Retrieve information 
4, Modify I Annotate 
Information (localty) Allk qp-44)0. 
Figure 5.25.: Remote database utilisation. 
In this service scenario, the technician contacts a remote expert for support in diagnosing and repairing a 
fault in a machine. The expert downloads data about the machine's performance from the on-board 
computer. To obtain more information, the expert controls an on-board camera and views moving image 
sequences of the faulty machine. The expert is able to ask specific questions to another expert (not shown in 
Figure 5.26. ), who is located elsewhere. 
Machine Camara Workstation Technician I 
4' 2/ 1 
Use cases: 
1. Consult expert 
2. Retrieve data 
3. Activate and control 
remote camera Expert 4. View machine 
Remote application runninQ 
Figure 5.26.: Remote access to expertise. 
As can be seen in Figure 5.27., this service scenario is actually a remote typesetting scenario. More 
specifically, an author makes use of a remote typesetting facility to typeset and print the final copy of his / 
her document. The first task involves interactive exchange with the typesetting system to agree on the 
parameters for layout and printing. The file is then transferred and periodic checks are made regarding the 
progress of printing. 
Author System 
Use cases: 
1. Decide and set print 
parameters 
2. Transfer file 
3. Check status 
4ý Setup and print (locally) 
Figure 5.27.: Remote application running. 
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Entertainment on demand (Pav-per-view) 
With this service scenario, a wide range of entertainment material can be distributed. Rather than being 
broadcasted, the entertainment material can be ordered specifically, when required. In this way, the range of 
subýject matters on offer can be increased to satisfy specialist audiences. This service scenario is depicted in 
Figure 5.28., where a domestic subscriber orders and views a film on a pay-per-view basis. 
... I r 
bac Iber S u 
-----system - 
Ise Cases, 
1. Consult schedule order film 
cancel order 
2. Send film 
3. View film 
Figure 5.28.: Entertainment on demand (pay per view). 
Remote consultation 
According to this service scenario, which can be seen in Figure 5.29., a doctor and / or a patient, involved 
in a local consultation, decide to call another expert located at another (remote) site, because (for example) 
another opinion may be required or because of other difficulties encountered. 
Patient Doctor 
(: r7', 
Use casesý 
1. Call remote expert 
2. Consult 
remote expert. 
3. Consult Expert 
local expert. 
Figure 5.29.: Remote consultation. 
Social conversation 
Figure 5.30. presents two possible realisations of a "simple" social conversation service scenario (possi- 
bly) between two domestic subscribers. More specifically, two types of session are presented: one involving 
full AN interaction from the start, and another involving an initial audio link with the video channel opened 
when both parties agree. Both types require the support of continuous media interactions (see Chapter 6). 
Person I Person 2 
Type 10 -qu- 
I 
--),. 
Op 
Person 12P rson 2 
Type 2 
Use CMos; 
1. Engage In AN communication 
2. Engage (initially) in audio-only communication 
Figure 5.30.: Social conversation. 
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S. Z3. Concluding Remarks. 
In order to validate the service creation methodology that was proposed and presented in Chapter 4, 
demonstrate its feasibility, illustrate its utility and gain more insight into the issues involved, the 
methodology has been applied to the development of an actual telematic service (a MMCS-ET) and to 
. several simple service scenarios. 
These validation attempts revealed and provided strong evidence that the proposed methodology can be 
used efficiently for the development of new telecommunications services and that it is correct and effective 
as it can lead to the desired outcome, i. e. a successful telematic service that satisfies the requirements of its 
users. Furthermore, besides ensuring the maturity and practical value of the proposed methodology, the 
validation attempts, and especially the development of the MMCS-ET as is presented in Section 5.2.1. and 
Appendix'A, illustrate and clarify the way that the methodology can be applied to the development of 
specific telematic services, and indicate the range of service creation problems that it can solve. 
In general, the validation of the proposed service development methodology in this section, reinforced its 
positiodand highlighted its significance in the proposed telecommunications service engineering fi-amework 
of Figure LL, as it eliminated any doubt regarding the value of the methodology and proved that it truly 
satisfies Requirements-1,2,5,8,9,11, and 14 (see Section 1.3. and Section 4.13. ) and has the benefits 
identified in Section 4.13. Additionally, the validation efforts resulted to the improvement of the proposed 
methodology and to its enhancement which will be examined in the following section, focusing on the 
utilisation of design patterns in the service engineering area. 
5.3. Exploitation of Design Patterns. 
When the number of service concepts and service COs involved in the development of a telematic service 
increase significantly, the successful application of the proposed service creation methodology can be a 
difficult tasI-L Furthermore, there is great variability in the potential quality of responsibility assignment and 
the design of interaction between service COs (see also Section 4.9.3. ). Therefore, this section examines the 
exploitation of design patterns in the service engineering area as an efficient potential solution to these 
'in an attempt to enhance and improve the proposed methodology [ADA99b] [ADA00d] (ADA00fl. problems, 
Closely related to the concept of design patterns and essential for the accurate comprehension of it, is the 
concept of (object-oriented) frameworks. A framework can be defined as a set of prefabricated functional 
elements (e. g. service components), together with some architectural concepts that define the constraints to 
put these elements together. The architecture includes the rules that can be used to integrate the functional 
elements and to define possible flows of control between them [EVITOO]. The scope of design patterns is 
more narrow; as they represent abstract solutions for specific problem classes. They capture the static and 
dynamic structure, and collaboration of a group of objects and can be defined in an abstract, language 
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independent way [GAMM95][HANS97]. While design patterns can be considered as a horizontal strýcture 
over a set of COs, frameworks can be considered as vertical, domain specific (e. g. telecommunications 
specific) configurations of components. 
In the case of TINA-C, design patterns can be defined by identifying groups of interworking, service 
objects, where every group is characterised by a micro-architecture that determines the way the objects 
interact to provide a solution for the specific aspects of a subproblem that arises during the development of a 
telematic service. Furthermore, a framework can be defined as the overall architecture, which specifies how 
the identified configurations of service objects can collaborate to implement a solution for the whole 
problem. Thus, a framework is a kind of construction kit for complete or semi-complete telematic services 
that has to be complemented and customised using inheritance techniques [ECKE97]. As an example, the 
TINA-C service architecture can be considered as a framework, which is also applicable to the proposed 
service development methodology. 
In order to decrease the possibility of poor choices, improve the quality of the design of service interaction 
diagrams, increase the possibility of a skilful implementation, and assist significantly service deyelopers -in 
this process, a number of general purpose design patterns (specifically constructed for service engineering 
purposes) are proposed in order to be applied during the creation of service interaction diagrams, when 
assigning responsibilities to service objects and designing service object collaborations (step 3, activity 3 of 
the service design phase, Section 4.9.3. ). The introduction of these design patterns in the proposed service 
development methodology implies the establishment of a common vocabulary and the definition of commoý 
design structures for all persons involved. Thus, they ensure the effective and efficient communication of 
architectural knowledge between the service developers. Furthermore, they assist to reduce the scope of the 
problem solving process in the case of service creation, because they support the identification of similaý 
problems and similar solutions, as they encapsulate service design experience [GAMM95][LARM98]. 
The proposed general purpose design patterns are general principles and idiomatic solutions that 4im, 
guide service developers in the design of telematic services. They are presented in the following paragraphs 
in a structured way, as named problem / solution pairs that can be applied in new contexts, with advice / 
guidance on how to apply them in specific service creation situations, which are derived from the 
development of the MMCS-ET (see Section 5.2.1. ): 
Assign a reMonsibiliU to a service class / obiec 
Pattern Name: Assign a responsibility to a service class / object. 
Purpose I Problem: 
During the service design phase, when the interactions between service objects are defined, choices are 
necessary to be made regarding the assignment of responsibilities to service classes (i. e. which serviC6 
classes will be responsible for the implementation of which methods). 
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Motivation: 
Successful responsibility assignment can result to telematic services that are easier to maintain and extend, 
increasing the possibility of reusing their service components to other telematic services. 
Solution: 
A responsibility is assigned to the service class that has the necessary information to fulfil the responsibility 
(information expert). 
Applicability /Example: 
This design pattern is used extensively in all the service interaction diagrams that were created during the 
development of the MMCS-ET (see Section 5.2.1.4. and Section AA) as it represents a basic design 
principle. For example, it is used for the assignment of responsibilities to all the service COs that appear in 
the service interaction diagram of Figure. 5.13. It has to be noted that all the responsibilities that are to be 
assigned should be initially clearly and unambiguously stated. 
Discussion /Consequences: 
II 
The fulfilment of a responsibility often requires information that is spread across different service classes, 
which will have to collaborate by interacting via messages. This pattern has a real-world analogy as in 
reality responsibility is given to individuals who have the information necessary to fulfil a task. 
Bqnefus: ', 
Encapsulation is ensured, since service classes use their own information to fulfil tasks. Therefore, low 
coupling (see below) is supported, which leads to more robust and maintainable telematic services. 
Behaviour is distributed across the service classes that have the required information, encouraging in this 
way more cohesive "lightweighf' service class definitions that are easier to understand and maintain. 
Therefore, high cohesion (see below) is supported. 
Create an instance of a service class 
Pattern Name: Create an instance of a service class. 
Purpose lProblem: 
The creation of service objects is a very common task in object-oriented telematic services. Tberefore, a 
general principle for the assignment of creation responsibilities is not only useful but also necessary. 
Motivation: 
The si4ccessfid assignment of creation responsibilities can result to service designs that support low coupling 
(see below), increased clarity, encapsulation, and reusability. 
Solution: 
The responsibility to create an instance of service class A (a service object) is assigned to service class B 
when one of the following sentences is true 6 
6 The first two sentences are preferred over the others, when more than one sentence is valid at the same time. 
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" Service class B aggregates service objects of service class A. 
" Service class B contains service objects of service class A. 
" Service class B records service objects of service class A. 
" Service class B closely uses service objects of service class A. 
" Service class B has the necessary initialising data to create a service object of service class A. 
3Add(auQ 
I Cmateo 
sm 
Userln 
PrepareSSM 
(UserName, Rolee, 2. Create(ulsorName, Raiej 
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! ýo 
ActiveUser 
Figure 5.31.: Creating an instance of the ActiveUserInfo list. 
Applicability I Example: 
The (partial) service interaction diagram of Figure 5.31. is considered, which is contained in the servic'e 
interaction diagram for starting a MMCS-ET session (see Section AA). Since a SSM records information 
about all the users that participate in a MMCS-ET session (active users) in an ActiveUserInfo list (see 
Section AA) and closely uses this list, then the SSM (according to this design pattern) is a good candidate 
to have the responsibility of creating instances of the ActiveUserInfo list. 
Discussion / Consequences: 
Sometimes a creator service class is found by looking for a service class that has the initialising data that 
will be passed in during the creation process. This is actually a case where the ", 4ssign a responsibility to a 
service class / object' 'design pattern is applied. 
Benefits: 
Low coupling (see below) is supported, which implies lower maintenance dependencies and a higher 
possibility for reuse. Coupling is probably not increased because the created service class is likely to be 
already visible to the creator service class, due to the existing associations that motivated its choice as 
creator. 
Facilitate low coupling 
Pattern Name: Facilitate low coupling. 
Purpose I Problem: 
Coupling is a measure of how strongly one service class is connected to, has knowledge of, or relies uporý 
other service classes. A service class with low (or weak) coupling is not dependent on too many other servici 
S7 classe On the contrary, a service class with high (or strong) coupling relies upon many other service 
classes. Such service classes are undesirable because it is difficult to understand them in isolation, chang es 
in related service classes force local changes, and it is more difficult to reuse them, as their use requires the 
7 It is obvious that "too many" is context dependent and varies according to the telematic service under consideration. 
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additional presence of the service classes that they are dependent upon. Therefore, the support of low 
coupling in the service design phase is desirable and should be aimed at. 
Motivation: 
Low coupling supports low dependency and increased reuse (see Purpose / Problem above). 
Solution: 
A responsibility is assigned to a service class so that coupling remains low. 
(a) 
I: ResuIL- SenclMossage 
l'il. l. -USM_rof: =RetumUSMrof(StudentName) 
(TeacherName, StudentName. 1.2: ReceiveMemne 
I: Result- SendMessage 
(TeacherName, StudentName, 1.1. -USM-ret-RetumUSMreLý 
usm TUSM 
Mess"e) (StudantName) AGIMI 
Lj 
. 
2: Result: =SendMossage 
(TeacherName, USM_Fef, Message) 
1.2.1: ReceiveMessage 
(b) (Message) - USM Stkusm 
Figure 5.32.: Facilitating low coupling when sending a message from a teacher to a student. 
App lica b ility / Examp le: 
The two (jpýartial) service interaction diagrams of Figure 5.32. present two alternative designs for sending a 
(text) message from a teacher to a studentý and can be contained in the service interaction diagram for 
engaging in text communication with an active user (Figure 5.15. ). Taking into account that Text-Corn will 
pventually, be coupled to knowledge of the ActiveuserInfo list, it is evident that the (partial) service 
interaction diagram of Figure 5.32. (a) is characterised by an overall lower coupling and therefore is 
prefýrable. More specifically, this design does not increase the coupling of the SSK which is a service class 
with many responsibilities in the MMCS-ET. 
Discussion / Consequences: 
There is no absolute measure of when coupling is too high. It is left to the service developer to estimate the 
current degree of coupling and assess if increasing it will lead to problems. In general, service classes which 
are inherently very generic in nature, and have a high probability for reuse, should be characterised by 
especially low coupling. It has to be stressed that some moderate degree of coupling between service classes 
is normal and necessary, as service classes fulfil tasks by collaborating via messages. Very little or no 
coupling between service classes yields to a poor service design because it leads to a few incohesive, bloated, 
and complex, active service objects that do all the work with many very passive zero-coupled service objects 
that act as simple data repositories. 
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Benefits: 
Ibis pattern supports the design of service classes that are simple to understand in isolation, not affected by 
changes in other service classes, and convenient to reuse. 
Facilitate hizh cohesion 
Pattern Name: Facilitate high cohesion. 
Purpose lProblem: 
Cohesion (or functional cohesion) is a measure of how strongly related and focused the responsibilities of a 
service class are. A service class with highly related responsibilities, which also does a moderate amount of 
work, has high cohesion. On the contrary, a service class with low cohesion does many unrelated things or 
does too much work. Service classes with low cohesion often represent a very "large-grain" of abstraction 
with responsibilities that should have been delegated to other service classes. Such service classes are 
undesirable because it is difficult to understand, maintain and reuse them, and because they are constantly 
affected by change in related service classes. Therefore, the support of high cohesion in the service'design 
phase is desirable and should be aimed at. 
Motivation: 
High cohesion keeps the complexity in the service design phase manageable. A service class with high 
cohesion is advantageous because, due to the high degree of related functionality and the small number of 
operations, it is relatively easy to maintain, understand, and reuse. 
Solution: 
A responsibility is assigned to a service class so that cohesion remains high. 
Applicability lExample: 
The (partial) service interaction diagram of Figure 5.32. (a) is preferable over the one of Figure 5.32. (b), 
because it supports higher cohesion in the Ssn This is important, because due to the central role of the Ssm 
in the MMCS-ET, the possibility of it to become a "bloated" incoliesive service object is high. 
Discussion / Consequences: 
A service class is characterised by very low cohesion when it is solely responsible for many tasks in very 
different functional areas, and by low cohesion when it has sole responsibility for a complex task in one 
functional area. Moderate cohesion is the characteristic of a service class that has lightweight and sole respon- 
sibilities in a few different areas that are logically related to the service class concept; but not to each other. 
Finally, a service class is characterised by high cohesion when it has moderate responsibilities in one func- 
tional area and collaborates with other service classes to fulfil tasks when the involved effort is significant. 
Bene 
. 
ft ts: 
This pattern increases clarity and ease of comprehension of the service design, simplifies the maintenanýe of 
service classes, supports low coupling, and facilitates reuse. 
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Except from the proposed general purpose design patterns which describe and codify fundamental 
principles of assigning responsibilities to service objects during the service design phase of the proposed 
methodology, more complicated design patterns, which are directly related to service design aspects, can be 
devised in order to simplify even more the construction of service interaction diagrams and facilitate 
considerably service developers, especially when designing complex telematic services. These service 
engineering design patterns encompass a rich functionality, proved to be useful in the simple validation 
attempt s described in, Section 5.2.2., and can be easily constructed by considering the service interaction 
diagrams .8 that were created during the development of the MMCS-ET (see Section 5.2.1.4. and Section 
AA). More specifically, from each one of these service interaction diagrams a service engineering design 
pattern can be constructed. As an example, the service engineering design pattern which corresponds to the 
service interaction diagram of Figure 5.13., is described in the following paragraphs: 
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Figure 5.33.: Service interaction diagmm for inviting a user to join a service session. 
Pattern Name: Invite a user to join a service session. 
Purpose lProblem: 
The invitation of a logged in user (e. g. user B) by another logged in user (e. g. user A) to participate in a 
service session. 
Motivation: 
Most new telecommunications services incorporate a (service) session. This session is created / started by an 
authorised user of the service, who then invites other users to participate. 
Solution: 
This pattern is based on the service interaction diagram for inviting a student to join a MMCS-ET session 
(Figure 5.13. ). It uses a list containing information about all the logged in users (LoggedinUserInfo list), 
It is evident that the ftill understanding of the service interaction diagrams is essential. This can be achieved by 
considering the previously created artifacts. 
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a list containing information about all the users that participate in the service session (ActiveUserInfo 
list), and a catalog containing information about all the users that are subscribers of the', service 
(UserSubscriptionCataloq). 
Applicability /Example: 
The service interaction diagram for inviting a user to join a service session can be seen in Figure 5.33. 
Discussion / Consequences: 
It is assumed that both users A and B are logged in to the service provider domain, user A is already active, 
user B is not active, user B is a subscriber of the service, and user A who invites user B; has th 
authorisation to do so. 
Benefits: 
This pattern ensures the application of the proposed general purpose design patterns, exploits important 
TINA-C functionality, and takes into account a number of necessary decisions involved in the invitation of a 
user to a service session. 
Although the proposed general purpose and service engineering design patterns have been successfully 
applied during the validation attempts of the proposed methodology, it has to be stressed, for those interested 
in, either devising new specialised design patterns or applying existing ones [GAMM95] to the proposed 
methodology, that design patterns are abstract concepts. There is no guarantee that their usage will lead to 
design reusability, design portability, and abstract customisability. Furthermore, good design patterns, -like 
good inheritance hierarchies, can not be invented in an easy way. They have to be chosen and designed very 
carefully [KOER97]. Otherwise, the introduction of insufficient and wrong chosen design patierns in the serv- 
ice creation process may hinder or even prevent the design and implementation of successful telematic services. 
5.4. Evaluation of the Proposed Methodology. 
The applicability, correctness, and practical value of the proposed service development methodology have 
been examined by the validation attempts described earlier in this chapter (Section 5.2. ). However, the 
proposed methodology (together with its extensions that were presented in Section 5.3. ), apart from being 
specialised for service creation purposes in the area of telecommunications service engineering, remains a 
methodology for the development of systems 9. Therefore, it is necessary to evaluate the proposed 
methodology and examine its completeness, in order to determine whether it addresses all the issues that a' 
premium methodology for the development of systems should address. Furthermore, such an evaluation 
improves the critical understanding of the proposed methodology (of both the author and the reader Of the 
evaluation), and provides an abstract framework that can be used as the basis for choosing service 
development methodologies when more of them appear. 
9A system is a set of interrelated elements (CHEC8 I]. In the case of the proposed methodology, a telematic service 
is a system. 
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For the evaluation of the proposed service development methodology the Normative Information Model- 
boed Systems Analysis and Design (NIMSAD)framework [JAYA94] is selected (among other methodology 
evaluation frameworks '0), because it is appropriate for the evaluation of object-oriented methodologies for 
thý'Oevelopment of information systems, it examines "sofV' and "hard" methodology characteristics 11 in a 
balanced manner, it has been successfully applied in many cases, and it enjoys a wider acceptance in the 
information systems community [AVIS95][BERK98]. NIMSAD is a methodology-independent systemic 
framework that can be used for understanding and evaluating methodologies and aims to promote the 
comprehension of problem-solving processes in general. It is based on the models and epistemology of 
systems thinking [CHEC8 I]. 
According to the NIMSAD framework, a methodology is considered to be an explicit way of structuring 
one's thinking and actions. Methodologies contain model(s) and reflect particular perspectives of "reality" 
based on a set of philosophical paradigms. A methodology should specify "what" steps are necessary, "how" 
to perforrn these steps, and most importantly the reasons "why" these steps should be taken in that particular 
order., Therefore, any explicitly ordered set of activities / steps with a convincing rationale and ways of 
performing the steps to bring about a certain transformation can qualify as a methodology. However, those 
who follow any established methodology structure should understand fully the reasons for following the 
I-I 
suggested steps. 
Intended problem solver 'Problem situ~" 
Methodology Methodology 
context user 
Evaluation 
Methodology 
v 
ProNem-SoMng pmcea 
Figure 5.34.: The essential elements of the NIMSAD framework. 
As can be seen in Figure 5.34., the NIMSAD framework consists of the following three essential 
elemen, ts, which constitute the main perspectives for evaluating a methodology [JAYA94]: 
Element I- The 'ýproblem situation" (the methodology context): This element refers to the type of 
problems that a methodology can solve and to the owners of these problems. 
Element 2- Yhe intended problem solver (the methodology user): This element refers to the people that 
apply a methodology to a particular "problem situation". These problem solvers select some elements of 
Examples are the Avison and Fitzgerald's framework, the Tudor and Tudor's framework, the DESMET (Deter- 
mining an Evaluation Method for Software MEthods and Tools) framework, etc. 
A, "soft" methodology characteristic considers mainly human factors, while a "hard" one is more technically 
oriented. 
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the "problem situation" to be relevant. This selection, although sometimes prompted by the used 
methodology, is significantly influenced by the "mental construct" of the methodology users. The "mental 
construct" is one's mental structure and consists of a number of useful parts namely perceptual proceýs, 
values, ethics, motives and prejudices, reasoning ability, experiences, skills and knowledge sets, 
structuring process, models, frameworks, and roles. 
Element 3- Yheproblem-solving process (the methodology process): This element refers to the way that 
problem solving is performed. It is decomposed into the three essential phases below, which are expanded 
to form eight detailed stages that are applicable to any problem-solving process: 
- Phase I- Problem Formulation: 
Stage I- Understanding of the "situation of concern ". The "situation of concem" is a situ 
, 
ation. in 
which various people perceive problems. The exact boundaries of this problematic situation determines 
the focus of the investigation and establishes the real "situation of concern". :ý, 
qStage 2- Performing the diagnosis: Diagnosis is the explicit projection or expression of the 
understanding that is gained from the investigation of the "situation of concern". Therefore, this stage 
attempts to answer the question "Where are we now? ". 
Stage 3- Defining the prognosis outline: Prognosis is the expression of a desired situation. Therefore, 
this stage is concerned with defining a desired state for the current "situation of concern" and attempts 
to answer the question "Where do we want to be and why? ". 
Stage 4- Defining problems: Problems are preventing the realisation of the desired state. Therefore, 
this stage focuses on what is preventing the diagnosis outline (current state) from changing to the 
prognosis outline (desired state). 
Stage 5- Deriving notional systems: Notional systems are notional constructs that are considered to 
be relevant for resolving problems in the "situation of concern". Its parts are expected to become the 
basis for overcoming problems and therefore for transforming the "situation of concern". 
- Phase 2- Solution Design: 
q Stage 6- Performing conceptual / logical design: The outcome of this stage is the production of an 
agreed and acceptable logical design specification which states the nature and the function of the 
logical parts of the desired state of the "situation of concern". Logical means that these parts can be 
argued as being useful and essential to the realisation of the notional systems and thus to the realisation 
of the desired state of the "situation of concern". 
Stage 7- Performingphysical design: Physical design can be considered as the selection of "ways and 
means" of realising the logical design within a given set of resources, facilities, and other 
enviromnental factors. 
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Phase 3- Design Implementation: 
:4 Stage 8- Implementing the designs: Implementation is concemed with the realisation of the notional 
systems within the context of the "situation of concem". 
Questions and Answers about the "Problem Situation" (the Methodology Context) 
Q: Who are the clients? A: Step 2, activity 1, requirements capture and analysis phase. 
Q: What degree of commitment do the clients have? A: Step 2, activity I and step 1, activity 2, requirements capture and analysis phase. 
Q: How the clients are brought within the pmblem-solving process9 A: Adoption of an iterative and incremental approach. Step 1, activity 2 and activity 7, requirements capture and analysis phase. 
Q: Are the concerns of the clients legitimate? A: Step 2, activity I and step 3, activity 2, requirements capture and analysis phase. 
Q: Which am the needs of the clients regarding the "problem situation"? A: Step 2 and step 3, activity 2, requirements capture and analysis phase. 
Q: What types of "problem situation" are the methodology users facing? A: Related to service development / service creation. 
Q: What "problem situation" does the methodology claim is the type for which it is suitable? A: Related to service development / service creation. 
Q: What evidence and explanations are offered? A: Specific guidelines, consideration of TINA-Q proper validation. 
Q: What are the characteristics of the "problem situation"? A: Activity 2, requirements capture and analysis phase. 
Q: What type of culture (i. e. special requirements) affect the methodology? A. - Step 2 and step 6, activity 1, requirements capture and analysis phase. 
Q: What type of "reality" do the clients perceive? A: Step 2, activity I and step 1, step 2, and step 3, activity 2, requirements capture and analysis phase. 
Q: Which are the dominant perceptions in the "problem situation"? A: Requirements capture and analysis phase. 
I 
Table 5.6.: Evaluating the proposed methodology according to the NIMSAD framework: 
The "problem situation" element. 
Questions and Answers about the Problem Solver (the Methodology User) 
Q: Is true participation of the methodology users facilitated? 
A: Yes, by offering specific guidelines, by discussing the proposed process, and by explaining important 
decisions. 
Q: Are methodology users guided to find more information about specific matters? 
A: Yes. References are given throughout the methodology. 
Q: Is it possible for the methodology users to use appropriate software tools during their work? 
A: Yes. See also Section 4.12. 
Q: Does the methodology inform its intended users about the nature and type of concepts they need to be 
familiar with before applying the methodology? 
A: Yes. It is a service development methodology. Familiarity with TINA-C and UML is desirable. 
Q: What level of abstract and technical thinking, and what knowledge sets and skills does the method- 
ology demand from its users before they are able to practice it? 
A: They should be service developers or service designers (service engineers). Familiarity with TINA-C 
and UML is desirable. 
Q: Is it possible for the methodology users to customise the methodology? 
A: Yes. See also step 1, activity 1, requirements capture and analysis phase. 
Q: Are the motives, the value sets, and the ethical behaviour of the methodology users important for the 
problem situations" considered by the methodology? If yes, how they are taken into account? 
A: No, they are not important. 
Q: What models does the methodology offer to the methodology users in order to deal with the "problem 
situation"? 
A: See Figures 4.11., 4.25., and 4.32. 
Q: Is it necessary for the methodology users to have experience in the domain of the "problem situation"? 
A: Yes. They should be service developers or service designers (service engineers). It is a specialiscd 
methodology. 
Table 5.7.: Evaluating the proposed methodology according to the NIMSAD framework: 
71c problem solver element. 
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Questions and Answers about the Problem-Solving Process (the Methodology Process) 
- Problem Formulation - 
Understanding of the "situation of concern'ý- 
Q: What assistance does the methodology offer for identifying the independent actors involved in the "situation of concern"? 
A: Step 6, activity 2, requirements capture and analysis phase. iT Does the methodology alert its users to boundary construction? 
A: Yes. Step 6, activity 2 and step 1, activity 4, requirements capture and analysis phase. 
Q: What assistance does the methodology offer for boundary construction? 
A- Step 6, activity 2 and step 1, activity 4, requirements capture and analysis phase. Important is also the comprehension from previous stens: -ý: What is the role of the clients with respect to the methodology? 
A: Clients participate from the beginning. Adoption of an iterative and incremental approach. 
Step 1, activity 2 and activity 7, requirements capture and analysis phase. 
Q: Does the methodology help its users to identify the sources of information? 
A: Yes. Step 1. activity 2, requirements capture and analysis phase. 
Q: Does it suggest / discuss any particular method(s) of investigation? 
A: Yes. Step 1, activity 2, requirements capture and analysis phase. 
Q: What skills does it highlight as being relevant or useful for conducting such an investigation? 
A: Step 1, activity 2, requirements capture and analysis phase. 
Performing the diagnosis: 
Q: What modelling notions and techniques does the methodology offer for expressing the characteristics of the "situation of concem'7 
A: Activity 2, requirements capture and analysis phase. 
Q: What are the implications of these for the subsequent steps of the methodology? 
A: Their use in the creation of subsequent artifacts is explained. 
Q: Does the methodology facilitate the filtering of the gathered information? 
A: Yes. Step 3 and step 4, activity 2, requirements capture and analysis phase. 
Q: Is it necessary to update regularly the characteristics of the "situation of concern"? 
A: No, these are assumed to be stable. However changes are possible due to the iterative and incremental nature of the methodology. 
Q: Does the methodology alert its users about the importance of accurately describing the "situation of concern"? 
A: Step 3, requirements capture and analysis phase. 
Defining the prognosis outline: 
-ý: What help does the methodology offer in defining the desired state regarding the "situation of concern"? 
A: The accurate description of the "situation of concern" and suitable concepts (see the answer to the next question). 
Q: What modelling notions and techniques does the methodology offer for expressing the desired state? 
A: Activity 3 and step 2, step 3, activity 4, requirements capture and analysis phase. 
Q: What am the implications of misinterpreting the desired state? 
A: The validity of the service requirements is examined in subsequent service development cycles. 
Thus, any problems will be eventually discovered and corrected. 
Definingproblems. 
ý: Does the methodology explain what is preventing the desired state? 
A: Yes, by accurately describing the desired state. Activity 4, requirements capture and analysis phase. 
Q: How does it help its users to make such an explanation? 
A: Activity 1, activity 2, activity 3, and step 2 of activity 4, requirements capture and analysis phase. TDoes the methodology record the assumptions that are made in order to deal with the problems that prevent the desired state? 
A: Yes. Activity 6, requirements capture and analysis phase and activity 6, service analysis phase. 
Q: Are all the defined problems considered to be of equal importance? 
A: No. Ster) 3, activity 9, requirements capture and analysis phase. 
Q: Is it necessary to define all the problems from the beginning? 
A: No, due to the iterative and incremental nature of the methodology. Use cases are scheduled to service development cycles. 
Deriving notional systems: 
V Does the methodology derive notional systems from the problems identified? 
A: Yes. Activities 1,2,3,4,5, and 7 of service analysis phase. ý71)oes it ofFer any guidance for formulating the notional systems? 
A: Yes. Activities 1,2,3,4,5, and 7 of service analysis phase. 
Q: Does the methodology consider the effect on the formulation of the notional systems by the characteristics of the "problem situation'7 
A: Yes. It offersspecific guidelines and considers TrNA-C models. Step 5, activity 3, service analysis phase. TDoes the methodology alert its users to the important decisions involved? 
A: Yes. Activities 1,2,3,4,5, and 7 of service analysis phase. 
Q: Are changes to the notional systems possible? 
A: Yes, due to the iterative and incremental nature of the methodology, 
Q: Does the methodology clarify the purpose of the notional systems? 
A: Yes. Activities 1,2,3,4,5, and 7 of service analysis phase. 
Table 5.8.: Evaluating the proposed methodology according to the NIMSAD framework: 
The problem-solving process element (problem formulation). 
The NIMSAD framework is designed to be used for asking questions to the methodologies as to what 
elements of the framework they address, in what order and how they address them. Thus, the role'of the 
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framework is to help question the methodologies as to what they attempt to transform, why they try to 
transform it and how they facilitate the methodology users to undertake the transformation, and provide in 
this way the means for debating the rationale of the steps of the methodologies and their structure. This kind of 
evaluation measures the effectiveness of the problem-solving process and the problem solver in the "problem 
situation", but it has to be noted that its application requires to consciously consider the rational basis and 
thý. relationships of the activities suggested by the steps of the methodology that is going to be evaluated. 
Questions and Answers about the Problem-Solving Process (the Methodology Process) 
- Solution Design and Design Implementation - 
Performing conceptuaillogical design: 
Q: Does the methodology accept the notional systems as the starting point of the logical design? 
A: Yes. 
Q: Does it rely on its users' experience or expertise for the design of the solutions? 
A: It gives detailed guidance but design skill is required. Activity 3 of service design phase. 
Q: Does it distinguish between logical and physical design stages? 
A: Yes. Activity 8 of requirements capture and analysis phase and activity 5 of service design phase. 
Q: What techniques does the methodology suggest for the formulation of solutions? 
A: Activities 1,2,3,4,5, and 6 of service design phase. 
Q. Are the application of these techniques explained sufficiently through a series of steps? 
A: Yes. Activities 1,2,3,4,5, and 6 of service design phase. 
Q: How does the methodology ensures that the clients agree with the logical design? 
A: Adoption of an iterative and incremental approach. 
Q: Are there any aspects of the "situation of concerre' that are excluded by the methodology in its design support? 
A: No. 
Q: Does the methodology consider / support the modelling of behavioural issues? 
A: Yes. Activity I and activity 3, service design phase. 
Performing physical design: 
Q: What specific technology does the methodology brings to the design process? 
A: Step 4, activity 1, requirements capture and analysis phase. 
Q: Does the methodology alert its users to the importance of ma ing carefid decisions regarding technology7 
A: Step 4 and step 5, activity 1, requirements capture and analysis phase. 
Q: Does the methodology help to accommodate the views of the clients regarding the technology that is necessary to be used? 
A: Step 2 and step 5, activity 1, requirements capture and analysis phase. 
Q: Does it offer support for considering both physical and logical design in an integrated mannet? 
A: Yes. Activity 8 of requirements capture and analysis phase and activity 5 of service design phase. 
Q: Is the logical design independent from specific technologies? 
A: Yes. 
Implementing the designs. 
Q: What help does the methodology offer for the implementation of the design solutions? 
A: Service implementation phase. 
Q: Does the methodology support testing activities? 
A- Yes. Service validation and testing phase. 
Q: Does the methodology alert its users to the possibility of changes to the logical design due to problems discovered during 
implementation? 
A: Yes. Service implementation phase. 
Q: Does the methodology consider user interface issues? 
A- Yes. Activity 2, service design phase and activities 4 and 5, service implementation phase. 
Table 5.9.: Evaluating the proposed methodology according to the NIMSAD framework: 
The problem-solving process element (solution design and design implementation). 
According to these remarks, the proposed service development methodology is evaluated by extracting, 
from the description of the NIMSAD framework [JAYA94], a number of questions regarding each one of 
the elements of the framework and by attempting to answer them taking into account the properties, the 
phases / activities / steps, the models, and the structure of the proposed methodology as are described 
(mainly) in Chapter 4. These questions correspond to the characteristics that the proposed methodology 
should have according to the NIMSAD framework and can be considered as a much more structured and 
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concise expression of the framework itself Tables 5.6., 5.7., 5.8., and 5.9. present questions and (P*OinterS 
to) answers regarding the "problem situation" (the methodology context), the problem -solv6r., (the 
methodology user) and the problem-solving process (the methodology process), and colleýtivelý'c'onftftute 
the evaluation of the proposed service development methodology according to the NIMSAD framework. 
From Tables 5.6., 5.7., 5.8., and 5.9. it is evident that the proposed service development methodology 
satisfies the requirements imposed by the NIMSAD framework and has all the desired characteristics 
regarding its three elements; although it must be noted that the characteristics related to the problem-solving 
process are the most significant. In this way, the completeness and the overall quality of the proposed 
methodology are ensured, and the confidence regarding its applicability and its practical value for a vari6iy 
of service creation activities is increased. Furthermore, the objective, the features, the nature, and the 
philosophy of the proposed methodology are now better explained, offering to service developers a broa6r 
view of its capabilities before applying it, increasing their appreciation of the strength of its features, and 
enabling them to customise it according to the requirements of a particular circumstance in the best possible 
way. Finally, the evaluation of the proposed methodology pointed out the need for the service deVelopers. to 
use their intellectual reasoning capabilities and apply the methodology in a critical manner, as the success of 
any methodology is significantly affected by the "mental construct" of the methodology user and his / her 
true understanding of the guidelines and the structure of the methodology. 
5.5. Summary and Conclusions. 
The telecommunications industry is currently facing a growing need of making telecommunications services 
more versatile, easier to develop, interoperable, consistent, manageable, and independent of the underlying 
network infrastructure. Additionally, the demand for new sophisticated telematic services with multimedia 
characteristics, that require more flexible access, management and charging mechanisms, is increasing... 
Therefore, as was explained in Section 4.1., it is necessary to assist service developers when pirfornung 
service creation activities. During this effort, the easier development of services together with se 1 'Yice 
personalisation, portability, interoperability, and reuse are of prime importance. For this reason, a service 
development methodology was proposed and presented in Chapter 4 with the intention to support the service 
creation process in a highly competitive environment of service provisioning. In order to determine the real 
value of this methodology, this chapter attempts to validate and evaluate it. 
Initially, Section 5.2. validates the proposed methodology by applying it to the development of an actual 
telematic service (a MMCS-ET) and to several simple service scenarios. More specifically, regarding the 
development of the MMCS-ET, a variety of use cases are considered throughout the main phases of the 
proposed methodology (see also Appendix A), involving the support of session management requirements 
(session establishment, modification, and shutdown), interaction requirements (audio / video, text, and file 
communication), and collaboration support requirements (chat facility, file exchange facility, and_voting). 
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Service Development Examined Use Cases Number of Duration Cycles (SDCs) artifacts created (in months) 
SDC I - Start up the MMCS-ET service. 
- Log in to the MMCS-ET provider do-in. 24 3 
- Start a new MMCS-ET session. 
SDC 2 - Invite a student to join a MMCS-ET session. 8 1 
SDC 3 - Join a MMCS-ET session after being inviWA 9 2 
SDC 4 - Invite a student (active user) to direct communication. 14 3 
- Accept direct communication with a student (active user). 
SDC 5 - Engage in text communication with an active user. 15 2 
- Engage in file communicaton with an active user. 
- Engage in A/V communication with a student (active user). SDC 6 - Stop A/V communication with a student (active user). 32 5 
- Start in A/V communication with a student (active user). 
- Terminate A/V communication with a student (active user). 
SDC 7 - Engage in a chat with all active users. 16 2 
- Engage in file communication with all students (active users). 
- Start a voting process between all active users. SDC 8 - Vote in a voting process between all active users. 26 2 
- Present the outcome of a voting process to all the involved active users. 
- Terminate direct communication between two students (active users). SDC 9 - Remove a student from a MMCS-ET session. 29 4 
- Terminate a MMCS-ET session. 
- Terminate the MMCS-ET service. 
Table 5.10.: Essential metrics related to the development of the MMCS-ET 
(during the formation of the proposed methodology). 
Due to the incremental and iterative nature of the proposed methodology these use cases were examined 
(from requirements elicitation up to actual implementation) in nine (9) service development cycles covering a 
time period of almost two (2) years. The exact distribution of use cases in service development cycles, the 
number of main artifacts that were created / changed in each of them, and their duration can be seen in Table 
5.10. It has to be noted that this table is greatly affected by the fact that during the development of the 
MMCS-ET the proposed service creation methodology was under continual refinement and was augmented 
several times in order to take its final form. With this (stationary) form of the proposed methodology, which 
is described in Chapter 4, it is estimated that less development cycles are required, covering a significantly 
shorter time period (see Table 5.11. ). 
These validation attempts enlightened many aspects regarding the structure and the use of the proposed 
service development methodology, ensured its applicability and correctness, proved its practical value, and 
offered confidence that it can enable the fast and efficient creation of telematic services. Additionally, they 
illustrated the way that the methodology can be applied to the development of specific telematic services and 
provided important feedback which resulted to the improvement and enhancement of the proposed 
methodology. 
One important methodology extension, which can be considered as an enhancement of the basic service 
development methodology as it complements it without affecting its main characteristics, is related to the 
exploitation of design patterns in the service engineering area and is examined in Section 5.3. The starting 
point of this section is the definition of the concept of design patterns, the explanation of its relation to the 
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concept of (object-oriented) frameworks, and the recognition of its importance in the proposed methodology. 
Then, a number of general purpose design patterns, specifically constructed for service engineering 
purposes, are proposed and presented, in order to (among other benefits) reduce the scope of the problem 
solving process in service creation activities and facilitate service developers in the design of service 
interaction diagrams. From the application of these patterns together with the proposed methodology, several 
more complicated service engineering patterns (which are directly related to service design aspects) are 
devised and their basic characteristics together with an example of them, are also described in this -section, 
Service Development Examined Use Cases Number of Duration: 
Cycles (SDCs) artifacts created (in months) 
SDC I - Start up the MMCS-ET service. 
- Log in to the MMCS-ET provider domain. 21 
- Start a new MMCS-ET session. 
- Invite a student to join a MMCS-ET session. 
SDC 2 - Join a MMCS-ET session after being invited. 28 
- Invite a student (active user) to direct communication. 
- Accept direct communication with a student (active user). 
SDC 3 - Engage in text communication with an active user. 14 
- Engage in file communicaton with an active user. 
- Engage in A/V communication with a student (active user). 
SDC 4 - Stop A/V communication with a student (active user). 28 
- Start in AIV communication with a student (active user). 
- Terminate A/V communication with a student (active user). 
- Engage in a chat with all active users. 
SDC 5 - Engage in file communication with all students (active users). 28 
- Start a voting process between all active users. 
- Vote in a voting process between all active users. 
- Present the outcome of a voting process to all the involved active users. 
SDC 6 - Terminate direct communication between two students (active users). 
- Remove a student from a MMCS-ET session. 35 
- Terminate a MMCS-ET session. 
- Terminate the MMCS-ET service. 
Table 5.11.: Essential metrics related to the development of the MMCS-ET 
(after the formation of the proposed methodology). 
Finally, Section 5.4. evaluates the proposed service development methodology (in its final form) using the 
NIMSAD framework. After explaining the need for evaluating the proposed methodology, this secti()n 
presents the rationale of the NIMSAD framework and describes- the main characteristics of its essentiai 
elements (the "problem situation", the intended problem solver, and the problem-solving process). These 
elements, structured appropriately, are used for the evaluation of the proposed methodology, which ensured 
its competeness, its applicability and its overall quality, and clarified a number of important issues regarding 
its use. 
The main research contribution of this chapter, which corresponds to one of the main objectives. of. this 
thesis (see Section 1.4. ), is the validation and evaluation of the proposed service development methodology 
[ADA00b][ADA00fl[PAPA97][PAP98a][PAP98b]. It is thus in direct relation with the research 
contribution of Chapter 4 (see Section 4.12. ) and increases its importance, as it ensures that the proposed 
methodology satisfies Requirements 1,2,5,8,9,11, and 14 (see Section 1.3. ) and addresses all the matters 
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that should be specified by such a methodology. Other secondary research contributions in this chapter, 
which are among the secondary objectives of this thesis (see Section 1.4. ), are the following 
[ADA99b][ADA00c][ADA00d][PAP98c][PAPA99]: 
The identification, specification, and description of the functionality of a conferencing telematic service 
with multimedia characteristics that can be used for education and training purposes (a MMCS-ET). It is 
thus evident that Appendix A presents also a research interest. 
* The description of several simple scenarios, regarding a variety of telecommunications services, that can 
be used for validation purposes in the service engineering area. 
The exploitation of design patterns in the service engineering area by proposing a number of general 
purpose and service engineering design patterns that communicate "best practice" idioms and solutions for 
the creation of telematic services and can significantly facilitate service developers when performing 
service creation activities. 
The structuring of the (otherwise abstract, verbose and difficult to use) NIMSAD framework in a concise 
but detailed manner, using its essential elements as a guide. This structuring improves significantly the 
applicability of the framework and increases its value. 
This chapter provides confidence on the capabilities and the quality of the service development 
methodology that was proposed and presented in Chapter 4, and push forward its great potential to increase 
the momentum of TTNA-C and enforce it to pave the way towards an open integrated broadband telematic 
infrastructure populated by a virtually limitless variety of telematic services. Tberefore, with this chapter all 
the main constituent parts of the proposed telecommunications service engineering framework of Figure 1.1. 
are examined in considerable detail with the only exception of the service execution environment. This will 
be done in the next chapter that will enhance Microsoft's DCOM (that was selected as a DPE in Chapter 3) 
with the ability to support continuous media interactions, making it thus capable to be used for the 
implementation of telematic services that are developed according to the proposed service creation 
methodology (such as the MMCS-ET that was presented in this chapter). It is thus evident that Chapter 6 is 
a prerequisite for the validation of the proposed methodology, but it is placed after it in order to examine all 
issues related to the methodology in a cohesive manner that facilitates consistency and a better 
comprehension. 
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Chapter 6: 
Continuous Media Support in the 
Distributed Component Object Model 
6.1. Introduction. 
Driven by technological advances, market growth and deregulation, the global telecommunications industry 
is . rapidly adopting a highly dynamic and open character, which, in combination with the evolving synergy 
between information and telecommunication technologies, provides a wide range of opportunities for the 
delivery_ of. advanced and sophisticated telematic services with multimedia characteristics. Due to recent 
dev I e1ppments in object orientation and distributed computing, these telematic services are increasingly 
je designed, realised, and deployed as multimedia applications operating on distributed ob a plaffiorms (see 
also Chapter 3) [ADA00g][MUHL96]. 
These platforms are object-oriented Distributed Processing Environments (DPEs) that provide a uniform 
distributed computational model, isolating service developers from the heterogeneity of the various 
týiaerlying systems, and thus hiding many of the complexities encountered in building distributed software 
[ADA99c]. However, there are key application areas in which distributed object platforms have lagged 
behind ad-hoc approaches to building distributed applications. In particular, support for distributed 
multimedia functionality is weak or non existent in the most important of today's commercial object-oriented 
DPEs [COUL98]. 
Despite the fict that multimedia support has been considered in general terms in the ISO's/ITU-T's RM- 
ODP. [GAY97][ITU95a], it has not yet been examined in Microsoft's DCOM [BROW98] and is not yet 
mature in OMG's CORBA [IONA98][OMG98a][OMG98d]. Recently, a wide range of new telecommunica- 
tions services are becoming increasingly popular by employing video and audio to convey information and to 
enhance communication among human users (e. g. videoconferencing, video on-demand, interactive tele- 
training, etc. ). Therefore, in the emerging multi-vendor, multi-stakeholder telecommunications environmentý 
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it is necessary to facilitate the rapid and flexible deployment of a great diversity of multimedia, multi-part .y 
telematic services by providing support for continuous media in DPEs. In this environmentj the role of 
DCOM is expected to be important as it is a very promising distributed object platform for service 
engineering activities [ADA99c] that can be used as a DPE technology in the service execution environment 
of the proposed telecommunications service engineering fi-amework of Figure 1.1. (see Section 3.6. ). '. 
Recognising the importance of DCOM and its significant potential in the area of telecommunications 
service engineering, Chapter 3 selected it as the distributed object platform that will be used in this thesis 
(see Section 3.6. ) and this chapter presents a structured approach which extends DCOM to an environment 
suitable for the development of advanced multimedia telecommunications services. As was mentioned in 
Section 1.4., proposing and examining such an approach that enhances DCOM with the cap4bility, of 
handling continuous media interactions is one of the main objectives of this thesis and constitutes one. of its 
main research contributions. In this way, as the rest of this chapter will illustrate and explain, DCOM is 
enabled to fully satisfy Requirements 3,5, and 7 (see Section 1.3. ), it is transformed to a TINA-C compliant 
DPE that is capable to support the construction of multimedia telecommunications services, and it becomes 
suitable for use with the proposed service development methodology. For this reason, DCOM is used during 
the validation of the proposed methodology (see Section 5.2. ) according to its role in the service execution 
environment of the proposed telecommunications service engineering fi-amework. 
Taking into account these remarks, after this introductory section (Section 6.1. ), Section 6.2. starts by 
identifying the main control aspects that should be considered when modelling multimedia 
telecommunications services. After examining briefly important state of the art activities related - 
to the 
handling of multimedia streams, this section emphasises the necessity to support the object-oriented 
development of distributed multimedia applications in a flexible manner and outlines the way that this 
chapter attempts to model continuous media interactions in DCOM. 
bri fly This modelling attempt is examined in detail in Section 6.3. More specifically, after considering rie 
the capability of COM and DCOM to handle multimedia streams, Section 6.3.1. discusses central issues 
associated with the provision of object-oriented support in DCOM for the handling of continuous media in 
terms of representation, transmission, and management. For this purpose, it proposes andexamines. -a 
multimedia support platform that consists of primitive COM objects (multimedia support services), which 
can facilitate the construction of new telecommunications services with multimedia characteristics. 
Furthermore, Section 6.3.2. presents the main steps of the stream communication algorithm that is used for 
the establishment and control of stream communication in DCOM, and Section 6.3.3. discusses some 
important implementation details. 
Finally, Section 6.4. validates the proposed modelling approach through the design and implementation of 
a multimedia conferencing service, that is also used for the validation of the proposed service development 
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methodology (see Section 5.2.1. ), and assess its flexibility and efficiency by conducting two types of 
experiments and reasoning about their results. The main findings of this chapter are summarised in Section 
6. '5., -, wWch also highlights the research contributions included in it. 
6.2. Modelling Multimedia Telecommunications Services. 
Multimedia computing is concerned with the integration of a variety of media types (text, graphics, still 
images, animation, motion video, voice, sound) into a single coherent computing environmentý while 
rnýltimedia communication involves the interaction of devices which can deal with networked suppliers and 
consumers of various types of digitally represented information [LUDE96][PAP98b]. The tasks broadly 
involved in this process can be divided into the coding and transport of the different media, and into related 
control aspects, such as how to locate services 1 (in the sense of required functionality), request transfer, 
establish and maintain connections, ensure integrity and timeliness, and handle presentation issues during the 
delivery of multimedia information. These control aspects are the concern of this chapter, since they are 
particularly important for the realisation of the full potential of distributed object platforms in 
telecommunications service engineering [ALSA96][JHA97][MAR98a]. Another important requirement is 
the ability to hide the heterogeneous low-level aspects of dealing with streams through high-level Application 
Programming Interfaces (APIs) and to provide abstractions which could be easily dealt with by non-network 
programmers. In the rest of this section, important research and standardisation work related to the flexible 
handling of MUltimedia streams is examined. 
The model of object interaction conventionally adopted in distributed object platforms (i. e. remote method 
invocation) is inappropriate for continuous or dynamic media, i. e. media which contain a temporal element, 
such -as real-time audio or video. Information from a microphone or a video camera is an unlimited 
continuous stream of information that needs to be handled in real time. For these media types, a streaming, 
i. e. continuous mode of interaction is required rather than a request / response method invocation model. The 
main diff6rencd from discrete data interaction is that continuous interaction is not atomic since it models the 
exchange'of continuous data (an on-going communications activity) between multimedia ob ects [COUL92] 
[KINA96]. 
This difference is also rcflected by the RM-ODP's multimedia computational model that builds streaming 
interaction over the primitive notion of a signal, which is defined as the emission / reception of a data item 
from to an interface. A stream interface is modelled as a sequence of signal emissions from a producer 
inteiface together with an associated sequence of signal receptions at a consumer interface. In RM-ODP the 
emission or reception point of such a sequence of signals is known as a flow (as opposed to an operation in 
In this chapter, the term "service" has a more general meaning and it is not used as a synonym with the terms 
"telematic service" and "telecommunications service". 
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the traditional request response style of interaction), and an interface containing flows,, -rather 
Ahan 
operations is known as a stream interface. A stream interface may contain many flows with varying types 
and directionalities. It is specified by a stream interface template that consists of a finite set of action 
templates, one for each flow type in the stream interface. Each action template contains the flow name, its 
information type, and an indication of its causality, since flows are unidirectional (producer or consumer but 
not both) [COUL98][GAY97][ITU95a]. 
Streams are also present in several other distributed computing architectures. Initially, they appeared in 
the Multimedia Systems Services (MSS) architecture, which was proposed by the Interactive Multimedia 
Association (IMA) [IMA94]. In this approach, the objects producing the streams are "speciar, '--and 
inaccessible to applications; the latter can control, but not directly access, the real-time media. The. D4A 
MSS is currently being adopted and extended by ISO in its PResentation Environments for Multimedia 
Objects (PREMO) standard [ISO96]. Furthermore, much of the initial work on streams, which influ6 Pced. 
greatly the RM-ODP, took place trying to address the requirements of multimedia support in the Advanced 
Network Systems Architecture (ANSA) [REES94], either within the context of the existing computational 
model [COUL92] or by changing it [NICO90]. The current ANSA Phase III Distributed Interactive 
MultiMedia Architecture (DINOvIA) project is pursuing the latter approach and is based on the ANSAware 
distributed systems platform, which has been enhanced with a modular protocol stack and a. flexibIC 
multiplexing structure [L197]. 
OMG has recently addressed the need for streams and real-time functionality in CORBA by issuin g 
request for proposals (RfP) for the control and management of audio / video streams, and by summarising 
submissions in [OMG98d]. However, this RfP does not examine the implementation of streams in COR13, A:. 
Such implementation issues were addressed by specific ORB vendors [SCHM98] and by ý49 A. 
ph4ýced. ReTINA project, which designed a specialised distributed object platform based on CORBA, and F 
with streams and Quality of Service (QoS) extensions [DANG96]. More specifically, the architecture 
proposed by the ACTS ReTINA project was based on a clear separation between ORB support mechanisrns 
(such as interface reference management, threads, buffers, etc. ) and stream binding classes, which provide 
communication services tailored to the needs of particular applications through the use of a generic binding 
protocol. Another CORBA version 2.0 compliant implementation considering multimedia Support, is, the 
TAO ORB, which runs on real-time operating system platforms and is primarily designed for strict real-tirne 
applications [SCHM99]. 
In all the above architectures, the modelling of continuous media communications through a flexible, high- 
level but efficient infrastructure are crucial. More specifically, modelling mainly involves the choice"of 
suitable and sufficient abstractions, their implementation on a target DPE, and the adoption of appropriate . 
interaction patterns and semantics. Flexibility is a general property referring to the way- that -. modelling 
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concepts and artifacts are used for the design, development, and deployment of open telecommunications 
services. The great variety, inherent complexity, and the increasing demand for custornisation of such 
services raise the importance of flexibility. 
Based on these assumptions, a generic platform (a multimedia support platform) for the handling of 
continuous media in DCOM is proposed [ADA99a](ADA00a][ADA00g]. It consists of primitive COM 
objects or services (multimedia support services), which can facilitate the construction of new 
telecommunications services with multimedia characteristics. More specifically, the multimedia support 
services, and the associated COM objects, are compatible with RM-ODP in the sense that they adopt related 
concepts and functionality, and thus enable a wide degree of information sharing and application 
interoperability. Furthermore, these services can be reused and customised, and their interfaces have been 
designed to allow flexibility and efficiency in achieving their implementation. This is important for 
telecommunications services which manipulate multimedia objects, where performance is critical. 
While this chapter deals with the flexible modelling of multimedia streams in a DCOM-based DPE, it 
should be noted that besides supporting modelling aspects, the control and management software of new tele- 
commumcations infrastructures needs also to support a range of QoS characteristics, the synchronisation of 
continuous media, and the careful management of underlying resources [COUL92][MUHL96][WADD97]. 
These. aspects are outside the scope of this chapter. 
6.3. Enhancing DCOM for the Support of Continuous Media. 
As is'mentioned in Section 3.2.4., DCOM is the distributed extension to COM (Component Object Model) 
that builds an Object Remote Procedure Call (ORPQ layer on top of DCE RPC to support remote objects. 
Ingeneral, DCOM provides all the necessary facilities for the integration of heterogeneous components in a 
distributed environment (see also Sections 3.2.4. and 3.4. ) [BROW98](GRIM97]. 
However, DCOM does not satisfy the more complicated and stringent requirements of handling 
multimedia streams. To enable DCOM to be the basis for new telecommunications services which require 
the handling and control of continuous media, extra features are necessary. The most obvious requirement is 
that the concept of streams should be added to the DCOM object model through the introduction of stream 
interfaces, since at present only operational interfaces are defined. 
Before focusing on DCOM, it has to be noted that COM handles multimedia information through the 
Microsoft DirectShow architecture 2 (previously Microsoft ActiveMovie architecture), which incorporates 
the notion of streams [MICR95][PINN98]. Apparently, the use of this notion is restricted to the environment 
2 DirectShow enables the playback of multimedia streams from files and the capture of multimedia streams from 
I devices. More specifically, it enables the playback of video and audio content compressed in various formats 
including Motion Picture Experts Group (MPEG), Apple QuickTime, Audio-Video Interleaved (AVI) and WAV, 
and both Video for Windows-based capture and WDM-based (Windows Driver Model) capture. 
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I-: -1 , - 
of stand-alone multimedia capable computers with Microsoft Windows operating systems (9x, * NT 4.0, 
2000), i. e. DirectShow is not a distributed architecture. 
For the rest of this section, in subsection 6.3.1. the key modelling abstraction is presented and examined, 
in 6.3.2. the stream communication algorithm is described and explained, and in 6.3.3. some important 
implementation details are discussed. 
6.3.1. The Proposed Approach. 
In order to facilitate the development of new telecommunications services with multimedia characteristics in 
DCOM a multimedia supportplaýfbrm is proposed with the introduction of a number of support services in 
the DCOM architecture. These services (which are used in conjunction with existing DCOM services) 
provide new functionality without requiring any changes to the basic underlying DCOM architectural model. 
The new support services consist principally of two types of COM objects: devices and stream binders. 
These are both seen by the higher layers of (software) abstraction as normal services with standard abstract 
data type interfaces, but they encapsulate the control and transmission of continuous media. 
COM object devices are an abstraction of physical devices, stored continuous media or software 
processes. They may be either sources, sinks or transformers of continuous media data ("modulee). 
-A 
source is a media producer and is normally an abstraction of a media-generating hardware device, suchýaý a 
camera or a microphone. A sink is a media consumer and is normally an abstraction of a media-rendering 
hardware device, such as a framebuffer / VDU or a loudspeaker. Finally, a module is both a media producer 
and consumer, as it accepts incoming data, processes it in some way, and produces output. Devices are 
dsvirtual" entities in the sense that there may be multiple logical devices per physical device depending on the 
requirements of the specific application. 
Devioe 
Chain rO: 
Endpoint 
IS-A 
VDU 
W '&, mera 
AU 
oo Wicýone ILaudsPeaker ISku'a'dMada 
Figure 6.1.: Inheritance structure for (characteristic) continuous media devices. 
As can be seen from the inheritance structure of Figure 6.1., most devices present a device dependent 
interface, a generic control or chain interface (Icha: Ln), and an endpoint interface (IEndpoint). The device 
dependent interface contains operations specific to the device modelled and is used for the management of 
the device. For example, a camera might have operations such as focus, pan or tilt. Furthermore, it has to be 
noted that all devices have to inherit from the IUnknown interface, which provides functionality required by 
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all COM objects (see also Section 5.2.1.5. ). This is common in most distributed object platforms; for 
example in CORBA and Java-RMI. 
A 'piece' of continuous media can be visualised as a chain comprising a sequence of segments or links, 
each of ývhich represents an atomic unit specific to the media type in question (e. g. a frame of video) 
[COUL92]. Thus, a chain is an abstraction over a continuous media source or sink that focuses on the 
control of the production and consumption of continuous media data. Based on this abstraction, the Whain 
interface provides generic operations for controlling continuous media devices and managing continuous media 
transmissions. It is a device independent interface which is common to all continuous media devices. The 
IChain interface is summarised in Figure 6.2. using (a simplified variation of) Microsoft's IDL (M-IDL). 
interface IChain : Iunknown 
typedef enum {in, out, inout) DeviceType; 
HRESULT GetDeviceType([out] DeviceType* DType); 
HRESULT Starto; 
HRESULT StartEx([in] int NumberOfSegments); 
HRESULT Stop(); 
..., 
HRESULT-Suspendo; 
-HRESULT SuspendEx([in] int Time); 
, HRESULT SuspendExl([in] int NumberOfSegments); 
HRESULT Resumeo; 
HRESULT Skip(lin] int NumberOfSegments); 
, HRESULT GetPosition(Cout] int* SegmentNumber); 
Figure 6.2.: The IChain Interface. 
More specifically, the GetDev: LceType operation returns the type of the device under examination 
(producer, consumer'or module), while the Start and Stcp operations switch the device's information flow 
on and off accordingly. The functionality of the two last operations, which are the most important of the 
ICbain interface, is based on the use of a virtual pointer (CurrentSegment) that moves through the media 
chain as it is played or recorded. The value of this pointer in a producer device reveals the number of 
segments that have been transmitted, while in a consumer device represents the number of segments that 
have been received. The Start and stcp operations make also use of the fact that a producer device places 
the outgoing segments on the outputsegment buffer, while a consumer device places the incoming 
segments (before processing them) on the InputSegment buffer. 
Therefore, the start operation, after initialising the CurrentSegment pointer to 0, on a producer device 
fills continuously the outputsegment buffer and increases each time the value of Currentsegment by 1, 
while on a consumer device empties continuously the InputSegment buffer and increases each time the 
va lue of CurrentSegment by 1. On the other hand, after a Stcp operation a device no longer produces or 
consumes segments, and the value of the CurrentSegment pointer is preserved. It has to be noted, that the 
StartEx operation is a variation of the Start operation, which does not initialise the CL=entSegment 
pointer and produces / consumes a specific number of segments (NumberofSegments). 
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There are also operations for suspending and resuming the activity of a device (Suspend and Resume 
respectively). After a Suspend operation the production / consumption of segments in a device stops until 
the Resume operation is called or in the case of SuspendEx / suspendExi for the time period specified 
(explicitly or implicitly) by the parameters of the operation. In both cases the value of the CurrentSegment 
pointer is preserved. Finally, this pointer may be located and moved using the GetPosition And, Skil: ) 
operations. More specifically, GetPositim returns the current value of the CurrentSegment Pointer, 
while Skip ignores NurrberofSegment segments that were to be transferred (in the case of a producer 
device) or that were already transferred (in the case of a consumer device) preserving the value of. the 
a, crentsegment pointer. 
Another interface which is common to all continuous media devices (device independent interface) is th6 
IEndpo: Lnt: interface. An endpoint is a connection point (a port) for a stream and the - Mndp6irýt iriteiface 
is thus the "stream interface" of a device. It has to be stressed though, that the term "stream7' in this chapie r 
is not strictly used in accordance with the RM-ODP terminology, in which a stream is related to a set of 
flows. On the contrary, the more accepted meaning of the term "stream" is used to denote one particular uni- 
directional flow of a series of messages of a pre-defined type, such as an audio flow or a video flow between 
two devices [JAC096]. If a device participates in more than one streams, multiple instances of that device 
have to be used. 
interface IEndpoint : IUnknown 
I 
HRESULT GetSegment([out] BSTR*-Segment); 
HRESULT PutSegment([in] BSTR* Segment); 
HRESULT SetCharacteristics([in]-long ChrSize, 
[in, size is(ChrSize)] long* 
HRESULT GetCharacteristics([in, out] long* ChrSize, 
[out, size_is(ChrSize)] long* 
Figure 6.3.: The IEndpoint interface. 
ChrArray)l 
ChrArray)-'r" 
The IEndpoint interface abstracts over all aspects of a device which are concerned with the transport of 
continuous media. Essentially, as it can be seen in Figure 6.3., it presents a pair of operations, GetSegment 
and PutSegment through which segments can be read (from the OutputSegment buffer of a Producer 
device) or written (to the InputSegment buffer of a consumer device) respectively. With this approach, the 
content of a stream is not considered and it is viewed purely as a byte transport mechanism. The two otlýer 
operations of the interface (Set0mracteristics and GetCharacteristics) refer to a number, of 
transmission related characteristics used for QoS issues. 
The operations inside the ICbain and the IEndpo: Lnt interfaces of a specific device must take place" in'aýi 
acceptable and semantically correct order (e. g. for the same device a stcp operation can 
. not be fbd6wed. bý, 
a Suspend operation) to avoid unexpected results / errors. To ensure such an order, each device has a state 
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(DeviceState), which is checked before an operation is executed. The proposed and anticipated transitions 
between the states of a device can be seen at the state transition diagram of Figure 6.4., which also depicts 
the possible states of a device (idle, ready, active, and suspended). 
In order to be able to control streams the binding process must be made explicit. The term "binding" is 
used in a general sense to mean both the process of associating and interconnecting different sources and 
sinks according to specific communication semantics, and the end result of this process. Binding implies 
setting up an access path between the involved COM objects (devices), which in turn typically comprises of 
locating the desired COM objects, setting up appropriate data structures to enable communication between 
t4em, and using suitable communication resources to support remote object interactions [COUL92][DANG96). 
interface IStreamBinder : IUnknown 
I 
HRESULT StartSource(Ein] IUnknown* SourceGroup); 
HRESULT StartSink([in] IUnknown* SinkGroup); 
HRESULT Connect&Transfer([in] IUnknown* SourceGroup, 
[in] IUnknown* SinkGroup); 
HRESULT StopSource([in] IUnknown* SourceGroup); 
HRESULT StopSink([in] IUnknown* SinkGroup); 
HRESULT SuspendSource([in] IUnknown* SourceGroup); 
HRESULT SuspendSink([in) IUnknown* SinkGroup); 
HRESULT ResumeSource(tin] IUnknown* SourceGroup); 
HRESULT ResumeSink([in] IUnknown* SinkGroup); 
HRESULT DestroyConnection([in] IUnknown* SourceGroup, 
[in] IUnknown* SinkGroup); 
Figure 6.5.: The IStrearrBinder interface. 
The binding process is made explicit through the introduction of a binding COM object (Streami3inder). 
Stream&Lnder represents the connection between bound COM objects and provides an operational 
int erface (IStreamB: Lnder) through which the bindings required for the realisation of streams can be 
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created, monitored, and controlled by other COM objects. More specifically, as can be seen in Figure'6.5 
the IStreamBinder interface contains operations which allow the client of a StreamBinder to start and stop 
the flow of continuous media information, connect and disconnect devices via their IEndpoint interfac es 
(and thus create and destroy stream connections), and suspend / resume the activity of the involved devices. 
With these operations the StreamBinder hides continuous media transmissions, which can be optimised by 
using dedicated transport protocols entirely distinct from those used to convey control messages., 
The binding action can be initiated by a COM object involved in the binding or by a completely separate 
object. In general, client COM objects wishing to initiate continuous media transfer, request from the 
StreamBinder to start the appropriate source and sink devices (StartSource, StartSink). Then, the 
StreamBinder establishes a stream connection between these devices and activates the transmit function 
(Comect&Transfer). The resulting stream can be managed by suspending (SuspendSource, 
SuspendSink), resuming (ResumeSource, ResumeSink) and stopping (StcpSource, StcpSink) the 
participating devices, and it can be destroyed when desired (DestroyConnection). It is evident that this 
approach is working best in a multi-threaded DCOM environment. In such an environment, other methods 
can be invoked on the StreamBinder object (and thus other streams can be activated), whilst data is 
streamed via an existing stream connection. Additionally, this approach ensures that an operation will not be 
executed on a device with an incorrect, i. e. semantically unintended, role (producer consumer).. Fo r 
example, the StartSource operation before calling Start on the device specified by its parameter, checks 
whether this device is a producer (using the Get: DeviceType operation). 
The StrearnBinder, in the most general case, supports multiple stream connections, as it allows 
sources to be connected to N sinks (without necessarily M=N), by establishing the appropriate strearns 
between them. When it is desirable to start, stop, establish, and generally perform control operations to, a 
number of streams simultaneously, the notion of object groups simplifies greatly the necessary code (calls to 
the StreamBinder operations). Additionally, it eases considerably the process of ensuring that the code 
reflects the correct / intended semantics, as it decreases the possibility of missing, wrong, or out of order 
operations on devices. This is due to the fact that errors can now appear only during the formation ofobject 
groups; an activity which corresponds to a relatively small and well structured piece of code that can easily 
be examined. Two typical errors that can be avoided without difficulty through the use of object groUPs. is 
the execution of an operation on a device that belongs to a different stream than the one intended, and the 
execution of Connect: &Transfer and / or DestrcyCormection on two devices that (are intended to) 
participate in different streams. 
Conceptually, object groups are modelled using the COM class ObjectGroup, which collects in a group 
a set of related COM objects. Actually, it maintains a list of the interface references (REFIlDs) of the COM 
objects that belong to a specific group. The IobjectGroup interface can be seen in'Figure 6 6. Join and 
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Leave. operations allow new members to join the group and existing members to leave the group 
respectively, while Use and Reset provide access to the group's current membership list. 
interface IObjectGroup : IUnknown 
HRESULT Join([in] IUnknown* refiid); 
_HRESULT 
Leaveo; 
HRESULT Use([out] IUnknown* refiid); 
HRESULT Reseto; 
Figure 6.6.: The IobjectGroup interface. 
In a typical scenario, two instances of the ObjectGroup COM class are used: a SourceGroup and a 
SinkGroup (which are actually the interface references of the two instances). The two lists that are 
maintained by these two groups, contain at corresponding positions the interface references of the sources 
and sinks that are going to be engaged in stream communication. Thus, the use of (the interface references 
oO these two groups as parameters in the operations of the IStream&Lnder interface allows the invocation 
of (corresponding) operations on a number of COM objects (sources / sinks) at the same time. However, it 
must be noted that in order to increase the flexibility and support application semantics where the 
simultaneously establishment and control of multiple streams is not desirable, the use of object groups in the 
operations of the Istream&Lnder interface is not mandatory. Interface references to simple COM objects 
(sources / sinks) can also be used as parameters. 
The COM objects examined so far constitute the proposed multimedia support services for DCOM and 
should be reused during the development of specific multimedia services. They may therefore have to be 
customised according to the specific service requirements. This activity, which is very important as it 
determines the practical value of the proposed approach is supported through the use of either containment 
or aggregation, as DCOM allows only interface and not implementation inheritance (see also Section 3.4.1. ) 
[GRIMý71. 
More specifically, under containment one COM object contains another, with the outer COM object (e. g. 
representing a "new" enhanced multimedia device) accessing the inner COM object (representing an already 
used and tested "old" device) through its interfaces. Generally, clients of the outer COM object are unaware 
of the relationship, except in the case where the outer COM object chooses to expose an interface that is 
supported by the inner COM object. 
On the other hand, aggregation occurs when the outer COM object exposes the interfaces of the inner 
COM object directly to clients. One important characteristic of this technique is that it can only be used for 
in-process COM object servers (i. e. DLL server modules). However, this particularity of aggregation can 
become a significant restriction when using the proposed API, because some of its COM objects (devices, 
StrearnBinder) may be, as far as their clients are concerned and depending on application requirements, 
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either local servers (implemented as EXEs) or remote servers (executed on a remote server machine). 
Therefore, when reusing or customising COM objects from the proposed API, the containment method is the 
preferred way since it enables the resulting service component to operate under all possible COM server 
types. 
6.3.2. The Stream Communication Algorithm. 
The proposed multimedia support services described in the previous section can be used for the 
establishment and control of stream communication in DCOM in a structured fashion. To illustrate this 
approach, a possible scenario is examined. According to Figure 6.7., which depicts the configuration of the 
COM objects involved in the example scenario, two source devices (e. g. video cameras) are connected via a 
StreamBinder to two sink devices (e. g. VDUs), and two different streams are established between the 
source and sink devices. 
Figure 6.7.: An example scenano for the proposed multimedia support services. 
The necessary steps that have to be followed in order to realise the two video connections (stream I and 
stream 2) between the sources and sinks of Figure 6.7. using the proposed multimedia support services are 
the following: 
Step I. - Obtain the necessary interface references. 
The interface references (REFIlDs) of the two sources (SourcelUserA and Source2UserB) and the two 
sinks (Sinkluserc and Sink2UserC) involved in stream communication are obtained. Device dependent 
operations are also performed if necessary. 
Step 2: Create new instances of required services (COM objects). 
A StreamBinder instance is created and the related interface reference is obtained. Additionally (if 
required), two Obj ectGroup instances are created and the related interface references are also obtained 
(SourceGroup and SinkGroup). 
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Step-3: Fonn the appropriate object groups (if required). 
Taking into account the streams that is desirable to be established (or actually considering the source and 
sink devices that need to be connected by streams), the REFIIDs of the sources become members of the 
SourceGroup [join (SourceiUserA), Join (SourceWserB) ], and the REFIIDs of the sinks become 
members of the SinkGroup [join (SinklUserC), Join (SinkMserC) ]. 
LW-4-- Start the devices. 
The sink and source devices are started [StartSink (SinkGroup), StartSource (SourceGroup) 
SLejz 5: Establish connections between source and sink devices. 
Associate the appropriate sources and sinks and initiate continuous media transfer between them 
[Connect: &Transfer (SourceGroup, SinkGroup) ]. Steps 4 and 5 can also take place in the opposite order. 
Step 06: Stop the devices. 
i"en the interaction is finished the sink and source devices are stopped [StcpSink(SinkGroup), 
StcpSource(SourceGroup)]. 
Ste R 7: Destroy connections and services. 
The connections established between the appropriate sources and sinks are destroyed 
[DestroyCormectiai(SourceGroup, SinkGrcup)]. Then, the StreamBinder and the ObjectGroup 
instances created in step 2 are also destroyed. 
'ý The above described steps constitute a kind of algorithm, i. e. a stream communication algorithm for 
establishing and controlling stream connections in DCOM. Two more steps can be added to this algorithm 
depending on the functionality required by some applications. More specifically, between steps 5 and 6 (i. e. 
while all the devices are active), the sink and source devices can be suspended 
[SuspendSink(SinkGroup), SuspendSource(SourceGroup)] and then, on a consecutive (mandatory) 
step, they can be resumed [Resumesink (SinkGroup), ResumeSource (SourceGroup) ]. 
The stream communication algorithm utilises the operations of the IStreamBinder interface to create 
and manage bindings between the appropriate sources and sinks. These bindings do not have to be controlled 
directly by the COM objects involved in the binding (i. e. the sources and the sinks), but may instead be 
created by third party COM objects which obtain references to interfaces owned by those COM objects. 
This facility eases considerably the configuration and structuring of potentially complex multimedia 
telecommunications services containing many per-media COM objects. 
A similar situation is described in Figure 6.7., where the Streanvlamger COM object interacts with the 
StreamBinder and performs all the steps of the stream communication algorithm. In the general case, the 
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StreamManager can call directly operations, both on (source / sink) devices and on the Strearr 
, 
Siiider, 
and is responsible for the "encapsulation" of the (control) logic that is related with streams. To avoid errors 
and unexpected results, caution is needed to ensure that when an operation is executed on a device; the same 
or a (semantically) compatible operation is also executed on the device with which the former device is (will 
be) connected by a stream. 
From these remarks is evident that the structure and the behaviour of the Streant4anager dependý-'on"the 
requirements of a specific application, and on the way that this application handles streams. On the contrary, 
the interfaces and the functionality of the (COM objects used to model) devices and the StreamB: Lnder are 
application independent and thus suitable for reuse. Actually, these interfaces (and the corre'sponding 
multimedia support services that they provide) can be considered as a high level API for the handling of 
continuous media in DCOM. 
The advantages of this high level API are highlighted when taking into account that the main. 'alternative 
approach for stream handling in DCOM requires the use of low level native Windows APIs (such as 
Win32), which is characterised by [GRIM97][SCHM99]: 
Excessive low level details that: 
Divert the attention of the developers from the more crucial (broader) application-related'-sernanti 
. C'S 
and the program structure. 
Raise the potential for errors. 
Increase the learning effort required. 
Hinder the development of complex applications. 
Continuous re-discovery and re-invention, in an ad hoc manner, of incompatible higher-level 
programming abstractions that seriously hampers programming productivity and code compatibility. 
Therefore, the development of multimedia telecommunications services in DCOM benefits greatly frorn 
the use of the proposed API, because it isolates the application domain semantics from the complexities of 
multimedia devices and continuous media communications, by providing services based on abstract data 
type interfaces. Additionally, it reduces and simplifies the required programming effort, by 10cating. all, the 
code related with the handling of streams inside easily extensible reusable components, pre-ýenting thus 
developers from "reinventing the wheel" using elementary capabilities and functionalities. 
6.3.3. Important Implementation Considerations. 
There are a few DCOM related issues that affect considerably the implementation of the proposed 
multimedia support services. These issues, which will be examined briefly in this subsection, include class 
factories, access to remote COM objects, and the available threading models. 
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In order to be able to use a (device or a StreamBinder) COM object, an instance must be created. This 
is done through a special COM object called a class factory, which implements the miassFactory 
in terface and has knowledge on how to "manufacture" (one or more) COM objects of a particular class (this 
is again typical in distributed object platforms). More specifically, the CoGet: ClassObject () call using the 
Interface ID (IID) of MassFactory and the class ID (CLSID) of a class (e. g. a source / sink device), 
returns an interface pointer to a class factory which implements a CreateInstance 0 method that creates 
COM objects (instances) of that particular class. In this way, the COM runtime gains efficiency as it is not 
necessary to know about all the possible object types, that might have to create, ahead of time. This 
functionality is based on the design pattern of a "Factory Method", according to which, when a client wishes 
to instantiate a server object, a request is sent to a "Factory Object" for the corresponding class [GAMM95]. 
Taking into account this design pattern, a class factory has to be created for every server component 
specified by the proposed multimedia support services. It has to be noted, that for optimisation reasons in 
some (not very. common) cases (e. g. when a device has a large number of device specific interfaces and 
depending also on their intended use), a custom implementation of the MlassFactory interface is allowed, 
but caution is needed to avoid possible compatibility conflicts / problems. 
After performing all the necessary instantiations, a client that wishes to call operations on a (device or a 
Str"eamBinder) COM object has to obtain a pointer to a suitable interface of that object. When the desired 
COM object is remote (which is common during the proposed stream communication algorithm) the 
CoCreateInstanceEx () function has to be used in a suitable manner to locate the server machine, create 
(an instance of) the appropriate COM object on that machine, and finally return the desired interface pointer. 
This function is called with an array of KMTI-QI structures as one of its parameters: 
typedef struct -MULTI_QI const IID* pIID; pointer to an interface identifier 
IUnknown * pItf; returned interface pointer 
HRESLtT hr; result of the operation 
),. MULTI_QI; 
As can be seen in Figure 6.8., each pIID member of this array is given an IID of an interface of the 
remote COM object. If the CoCreateInstanceEx 0 succeeds, the desired interfaces can be obtained 
through the pointers in the pItf members. If there is an error, the hr member will receive the error code. 
Thus, except from the status of CoCreateInstanceEx 0, the status of each element in the MULTILQI array 
should also be checked, before a (valid) interface pointer can be extracted from the array. 
When a client requires access to a particular remote COM object, and this object has more than one 
interface to which the client needs pointers, an array of KMTI-QI structures should be created, containing 
as many pIIDs as necessary to keep all the IIDs of the interfaces that the client will (or intends to) use on the 
COM object. In this way, the CoCreateImtanceEx 0 will be called only once and multiple calls to i4 due 
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to an incomplete (in terms of requested 1113s) MULTý_QI array, will be avoided. This tactic reduces the 
number of necessary RPC calls across the network, and improves the efficiency of the code especially when 
remote COM objects exhibit more than one interface (e. g. as in the case of COM objects used to model 
continuous media devices) and / or the network performance is or becomes slow. 
// initialise the MULTI QI structure 
MULTI-QI qi[21; create an array of e. g. 2 structures 
memset(&qi, 0, sizeof(qi)); prepare the array for use 
qi[01. pIID = &IID - 
IChain; add the lst interface 
qi[ll. pIID = &IID_IEndpoint; add the 2nd interface 
create a server COM object on 
HRESULT hr=CoCreateInstanceEx( 
CLSID_CMyServer, 
NULL, 
CLSCTX 
- 
SERVER, 
&ServerInfo, 
2, 
qi); 
// check the qi codes 
if (SUCCEEDED(hr)) 
also check qi hresult 
hr=qi [0 hr; 
if (SUCCEEDED(hr)) 
the server machine 
COM class id 
outer unknown 
server object scope 
name of the server machine 
length of the MULTI 
- 
QI array 
pointer to the 1st element of this ýLrray 
// extract interface pointers from MULTI_QI structure 
m, 
-PComServer=(ICPServer*)qi[Ol. 
pItf; 
Figure 6.8.: Using an interface of a remote server object in DCOM. 
Finally, shifting the focus to the internal structure of COM objects, the way that threading is performed needs 
to be examined. Threading involves specifýing code segments that will be executed concurrently by creating, 
somewhere within a program, more than one thread, and ensuring the protection of shared resources, the 
provision of thread synchronisation, and the avoidance of deadlocks and race conditions. In DCOM, threads 
are established to improve performance (minimise execution time), to simplify the code, and to avoid the 
blocking of COM objects (e. g. to prevent the blocking of the Streano: Lnder when executing an operation 
on a device). Therefore, in the proposed multimedia support services threading is used in the implementation 
of the StreamPlamger and the IChain interface of the COM objects used to represent devices, in the 
interfacing with physical devices, and in the realisation of stream connections using transpor t protocols. 
When programming using DCOM, and therefore in the proposed API, except from the thread handling 
functions of Win, 32 (e. g. CreateThreado, ExitThreado, etc. ), the following COM threading models 
can be applied [BROW98][GRIM97]: 
The simple single threaded modeh All COM usage in a client must be performed in the same thread; the 
one that called CoInitialize (). Only this single thread can use COM objects that are created by't. he 
client. COM objects that support this model do not have to protect any shared variables / data.. 
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Yhe Single YhreadedApartment (STA) model: Multiple threads in a client can call CoInitializeEx() 
(forming separate apartments) and create (instances of) COM objects. However, the COM objects created 
.. on a particular thread can only be used on that thread. Any interaction between COM objects in different 
apartments (threads), even apartments in the same process, has to be marshaled by the COM runtime 
through a proxy. Thus, any shared variables / data used by these COM objects do not have to be 
protected, since they are actually accessed only via one single thread. 
The MultiYhreadedApartment (MTA) model: This is the free threading model. A client may create as 
many threads as it wishes (that all are part of the same apartment), create any (instances of) COM objects 
on any of the threads, and use the COM objects on the same or other threads. The client always calls the 
methods of the COM objects directly, without doing any marshaling. COM objects that support this model 
must protect all shared variables / data. 
6.4. Validation and Experimentation. 
The proposed multimedia support infrastructure and the related API have been tested in several simple 
scenarios (like the one depicted in Figure 6.7. ) involving different configurations of source and sink devices 
associated by various stream connections. It has been found that they constitute a viable, flexible, consistent, 
coherent, and relatively intuitive way of building multimedia telecommunications services in DCOM. 
To verify and reinforce these results under (more) realistic conditions, and to determine also the true 
practical value and applicability of the proposed API, it has been used during the validation of the proposed 
ser vice creation methodology, where a MultiMedia Conferencing Service for Education and Training 
(MMCS-ET) has been developed (see Section 5.2. ) [ADA00fl(ADA00g]. This service is implemented (see 
also Section 5.2.1.5. ) using MS Visual C++ 6.0 and DCOM on MS Windows NT 4.0, and is executed on a 
number of workstations connected via a 10 Mbit/s Ethernet LAN. All the interconnected workstations belong 
to the same (MS Windows NT) domain and one of them functions as a primary domain controller. 
As was mentioned in Section 5.2.1.2., the main objective of the MMCS-ET is to facilitate the 
establishment of an educational / training session between one teacher / trainer and a number of remote 
students / trainees, which is equivalent to the educational / training session that would have been established 
between the same people (teacher / trainer and students / trainees) in a traditional classroom. More 
specifically, in a virtual classroom the teacher still has the need to manage the educational / training session. 
Additioriallý, there is also a need for audio / video (AN) communication among all the session participants (to 
substitute face to face contact), text communication between only two session participants (as that achieved 
with the use of notepads), text communication among all the session participants (as that achieved with the 
use of a blackboard), file communication between the session participants (e. g. for the exchange of course 
material), and collaboration among all the session participants in order to perform a common task. For this 
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reason, the MMCS-ET implements a variety of use cases supporting session manag'ement requirements 
(session establishment, modification, and shutdown), interaction requirements (audio / video, text, and file 
communication), and collaboration support requirements (chat facility, file exchange facility, and voting). 
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Figure 6.9.: The main COS of the MMCS-ET and the position of the interfaces of the proposed API. 
The computational view of the MMCS-ET in the simple case where one teacher interacts with only one 
student can be seen in Figure 6.9. This figure emphasises on the way that AN communication is achieved 
between the teacher and the student by the establishment of two streams of opposite directions, presenting 
the position of the interfaces of the proposed multimedia support services for DCOM. It has to be noted that 
laýer, the Camunication Session Manager (CSM), which is at the boundary with the resource., 
incorporates the functionality of the Streant4anager, and that the GetFranProducer and PutToConsu'i me' r" 
COM objects are used for the realisation of the stream connections. 
The MMCS-ET, not only validated the proposed API and confirmed the results of the initial tests with the 
simple scenarios, but also gave an insight, through several experiments, for the optimisation of the proposed 
API in terms of its use and its more efficient implementation in DCOM. More specifically, two types of 
experiments were conducted. The first type involved the application of object groups in the'strýarri 
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communication algorithm, examining the complexity of the resulting code (which is actually the main piece 
of code written by the service developer when using the proposed API) in terms of the number of necessary 
calls of operations to other COM objects. The number of such calls (with and without the use of object 
groups) for an increasing number of stream connections can be seen in Figure 6 10. It has to be noted that 
different stream connections are established between different source and sink devices. Thus, for example, 4 
stream connections imply the existence of 4 sources and 4 sinks. From Figure 6.10. it is evident that the use 
of object groups, as the number of stream connections is increasing, reduces considerably the number of 
operation calls that have to be made, and therefore simplifies the code of the stream communication 
algorithm (together with the task of the service developer) and increases its efficiency. 
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Figure 6.10.: Experimenting with the use (or not) of object groups in the stream communication algorithm. 
The second type of experiment involved the examination of the performance (in terms of execution time) 
of the different COM threading models when applied to the proposed API. A choice between these models 
becomes especially important when the StreanNanager creates separate threads for the instantiation of the 
(COM objects representing the) devices and the execution of device specific actions, for the instantiation and 
initialisation of the GetFromProducer and PutToConsumer COM objects, and for the instantiation of the 
StreamBinder and the execution of the stream communication algorithm. It has to be noted that only the 
STA and MTA models are considered because the single threaded model is really just a special type of the 
STA model. 
When each of the STA and MTA models are applied to all of the (COM objects) of the proposed API the 
time needed (in ms) to start (Time 1) and stop (Time 2) a stream connection between one source and one 
sink device is measured for each of them. Time 1 corresponds to steps 4 and 5 of the stream communication 
algorithm, while Time 2 corresponds to steps 6 and 7. The results of the measurements can be seen at Table 
6.1. From this table is evident that the MTA model is at least as good as the STA model. Therefore, for the 
proposed API, taking also into account that there are no synchronisation issues, the MTA model is the 
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preferred choice. Its performance superiority is mainly due to the fact that inter-thread access is direct (as all 
the threads are in the same apartment), requiring no proxy intervention as in the STA model. ' 
COM Threading Models 
STA 19.6 ms 12.6 ms 
NITA 18.19 ms 11.66 ms 
Table 6.1.: Comparison of COM threading models using the proposed API. 
Finally, to place the proposed API for DCOM in a more general context and increase in this -way the 
confidence in its use, a (high level) comparison with the approach followed by OMG for the handling of 
continuous media [OMG98d] is attempted, because OMG's CORBA is considered to be the main 
(commercial) alternative to DCOM. The results of this comparison, which focuses on how continuous rýiedia 
communication is modelled, can be seen in Table 6.2. 
Important 
Concepts 
Modelling in 
OMG's AN Spec. (CORBA) 
Multimedia device MXwice interfacelobject 
Device specific aspects Wev intetface/object 
Device control aspects StreamErxlpoiM interfacelobject 
Stream endpoint st: remzndi; *int interface/object 
Stream binding StremrCtrl interface/object 
Stream StreanCtrl interfacelobject 
Stream flows I FIvwCorriecticri interface/object 
Modelling in 
the DroDosed API (DCOM 
Device COM object 
Device dependent interface 
IChaininterface 
iEndk? oim interface 
streamBincler COM object 
Ctnnect&Tk-msfer operation 
(streansincler COM object) 
A strearn has only one flow 
Table 6.2.: Comparison of modelling approaches for handling continuous media in CORBA and DCOM. 
From this table it can be easily deduced that the proposed API and the 0MG; s`s AIVstreams specification 
have the same scope as they are modelling the same basic concepts (due to their common influence by the 
RM-ODP), albeit in different ways. Therefore, they are "conceptually compatible". although their target 
technological domains are divergent, facilitating thus service developers to map their designs regarding 
continuous media interactions easily to either a DCOM or a CORBA DPE. It has to be- noted that ý the 
comparison of Table 6.2. wasn't extended to cover (related) performance issues, because perfýrm4nc'e 
depends greatly on the actual implementation of the OMG AN streams specification by the different ORB 
vendors, and because the result of such a comparison wouldn't be very important as the decision for the 
adoption of one of the approaches depends almost entirely on the choice of the base DPE technology e. g. 
DCOM or CORBA; a choice which is relatively difficult as detailed in Chapter 2 (Sections 3.4. and 3.6. ). 
6.5. Summary and Conclusions. 
There is a technology push in the area of multimedia communications, which is acting as a catalyst for the- 
specification and development of new multimedia telecommunications services. These services is very likely 
to be deployed in a distributed object environment [REDL98][SALE99]. Therefore, there is an increasingly. 
important need for distributed object platforms to support continuous media interactions in a flexible manner. 
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Recognising this need, OMG attempts to promote the use of continuous media in CORBA DPEs, by 
enhancing CORBA with the ability to control and manage continuous media streams together with standard 
CORBA interactions in an integrated way [OMG98d]. Central role in this approach has the exploitation of 
easy to I use and comprehend programming abstractions for the simplification and improvement of the work 
ofservice designers / developers. Therefore, the OMG's AN streams specification reveals also the more general 
trend towards the use of high level APIs in a variety of telecommunications service engineering activities, as 
for example is the JAIN set of integrated network APIs for the Java platform, which provides a ftamework 
to build and combine services that span across different (packet, PSTN, and wireless) networks [KEIJOO]. 
Taking into account these approaches, this chapter starts by recognising Microsoft's DCOM as a key 
potential technology in the area of service engineering and by highlighting the need to facilitate the efficient 
creation of distributed programs with multimedia data exchanges that execute on distributed object platforms 
(Section 6.1. ). Then, the importance of considering control aspects in a flexible manner when modelling 
multimedia telecommunications services is explained, and significant research and standardisation work 
ielated to the flexible handling of multimedia streams is briefly examined (Section 6.2. ). 
The rest of this chapter focuses on the modelling of continuous media communications in DCOM. More 
specifically, in Section 6.3. a structured approach to enhance DCOM for the handling of continuous media 
streams is proposed and presented by designing and implementing a number of suitable RM-ODP compliant 
multimedia support services (which correspond to primitive COM objects) together with a related API, that 
collectively constitute a multimedia support platform for constructing telematic services with mu Itimedia 
characteristics in DCOM. This platform, which offers an abstraction over stream communications and 
multimedia devices, does not affect the core DCOM architecture, but only adds the necessary functionality 
in terms of additional services (DPE services). Crucial, for the correct and efficient use of the proposed 
multimedia services, is the role of the stream communication algorithn-4 which is also discussed in this 
section, together with a few important implementation considerations pertaining class factories, access to 
remote COM objects, and the use of the available threading models. 
-. The viability of the proposed modelling approach is evaluated 
in Section 6.4. (mainly) by the 
impl ementation of the MMCS-ET (that took place when validating the proposed service development 
methodology), which demonstrated that DCOM's features can be successfully extended to address 
mu Itimedia requirements in such a way that a substantial amount of software reuse can be achieved. 
Furthermore, in this section it is argued, by conducting two types of experiments, that the use of object 
groups simplifies the code of the stream communication algorithm and increases its efficiency, and that the 
MTA threading model has a better performance and thus it is the preferred choice for the proposed API. The 
examination of the proposed modelling approach is completed by comparing it with the approach followed 
by OMG for the handling of continuous media [OMG98d] and commenting on their conceptual relation. 
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The major research contribution of this chapter, that is related to one of the main objectives of this thesis 
(see Section 1.4. ), is the enhancement ofDCOM with the capability to handle continuous media interactions 
by designing and implementing a set of multimedia support services. In this way, DCOM becomes a TINA- 
C compliant DPE that fully satisfies Requirements 3,5 and 7 (see Section 1.3. ), and can be used efficiently 
together with the proposed service development methodology. It is evident that this research contribution 
includes the stream communication algorithm, the important related implementation issues, the validation of 
the proposed modelling approach, the experimentation with the use of object groups and different threading 
models, and the comparison with the OMG's AN streams specification [ADA99a][ADA00a][ADA00g]. it 
has to be noted that although the proposed modelling approach has used DCOM as the target platform, the 
concepts, the principles, and the design rational presented are general enough to be used for realising stream 
interface support in other distributed object platforms, such as CORBA and Java RMI. 
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Sum-"m'*a"ry ýind Conclusions 
7.1. lhtr6duýtiofi. 
This chapter is the epilogue of the thesis that presents the conclusions from the research work that was 
undertaken and indicates some directions for related future research activities. More specifically, after this 
brief introductory section (Section 7.1. ), Section 7.2. provides a concise overview of the thesis, emphasising 
on the realisation of its objectives. Then, Section 7.3. highlights the research contributions of the thesis and 
summaxises its main findings. Finally, Section 7.4. identifies and briefly discusses a number of areas in 
which more research is necessary, and Section 7.5. concludes with some last remarks. 
7.2. The'-sils OveiýOew. 
Over the last decade, telecommunications has dramatically changed from a relatively simple technology in a 
stable monopolistic era to a fast changing scientific and business field of strategic importance. Recognising 
this change, Chapter I started by identifying and explaining the main trends that characterise the world-wide 
telecommunications environment, and continued by reasoning about the central role of telecommunications 
services (and telecommunications software in general) in this emerging environment. It was then argued that 
in this context information networking is gradually gaining momentum making telecommunications service 
engineening an important scientific discipline. 
After defining this new discipline and commenting about its scope, the need to enable service engineering 
activities to satisfy a number of carefully selected requirements (see Section 1.3. ) was identified as the 
motivation for the research work presented in this thesis; the telecommunications service engineering 
framework of Figure LL was proposed to fulfil the expectations created by the identified motivation. For 
this reason, the main constituent parts of the proposed framework (a service development methodology, a 
Service Creation Environment (SCE), and a service support environment consisting mainly of service 
engineering principles and a service execution envirom-nent) were then briefly presented, their role was 
discussed, and their association with the objectives of the thesis was clarified. During this process, the main 
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objectives of the thesis, i. e. to propose and present a service development methodology, to validate 'and 
evaluate this methodology, and to enhance Microsoft's DCOMwith the capability to handle continuous 
media interactions, were identified. 
The consideration of the objectives of the thesis started in Chapter 2, which revealed and explained the 
rationale for proposing the framework of Figure LL by examining advanced approaches in telecommu- 
nications service engineering. More specifically, this chapter after attempting to define the term telematic 
service", focused on the object-oriented development of telematic services motivated by theJ , ncreased 
penetration of object orientation in the telecommunications world. In particular, it analysed basic concepts of 
object-oriented technology, it identified the main requirements associated with the design of telematic 
services, it examined ways in which object orientation can support these requirements, and it proposed the 
application of object orientation for the complete life cycle of telematic services. It was also argued that 
current general purpose object-oriented software development methodologies are inadequate. for service 
development purposes, and this led to the decision to propose a specialised service creation methodology, '. 
The next focal point of this chapter was the reasoning about the emergence of Multi-Servide Networks 
(MSNs), the presentation of state of the art descriptions of the technologies of IN and TMN, and the 
consideration of their possible future integration. Then, it highlighted the necessity for an ar chitectural 
framework beyond IN and TMN, and examined OSA and TINA-C for this purpose. After presenting these 
two frameworks focusing on their essential characteristics, it compared and contrasted them emphasising'on 
important approaches followed pertaining their service architecture and component models. TINA-C was 
finally chosen to be the service support environment of the proposed telecommunications service engineering 
framework of Figure 1.1. The rationale for this choice was then presented, the way in which TINA-C 
satisfies Requirements Z 3,5,6,8,9,10,11, IZ 13,14,15, and 16 (see Section 1.3. ) was explained, and 
the practical value and future perspectives of TINA-C were discussed. After selecting TINA-Cand 
commenting on the difficulty of applying it, the rest of this chapter was devoted to SCEs. More specifically, 
it identified their main characteristics, it examined important related approaches, it highlighted' their 
relationship with the service development methodology, it reasoned about their role and purpose in the 
proposed framework, and it explained under which circumstances a SCE is able to satisfy Requirement 4 
(see Section 1.3. ). 
As can be seen in Figure 1.1. the service support environment of the proposed framework has two main 
constituent parts. Although the service engineering principles are specified by the TINA-C service 
architecture, the service execution environment (the most important part of which is the DPE) is only 
influenced by the TINA-C approach regarding the DPE, as TINA-C does not suggest a particular DPE. For 
this reason, Chapter 3 examined in considerable detail important issues and technologies regarding DPEs, -' 
justified their central role in the service execution environment, and explained the way in which they satisfy 
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Requirement 3 (see Section 1.3. ). More specifically, this chapter started by introducing open distributed 
processing and examining the most important de jure and de facto DPEs (ISO's / ITU-T's RM-ODP, Open 
Group's DCE, OMG's CORBA, Microsoft's DCOM, and Sun's Java RMI) from the perspective of 
telecommunications service engineering. After presenting a state of the art description of these DPEs, it 
evaluated them, and proposed a potential path to convergence, which revealed that DCOM and CORBA are 
currently the most significant DPE technologies for service engineering activities. 
Recognising the importance of DCOM and CORBA, and considering the benefits from engineering 
telematic services as distributed object applications, the rest of Chapter 3 attempted to compare and contrast 
DCOM and CORBA with the objective to clarify important issues regarding their capabilities and use in the 
area of service engineering, and also guide service developers during a possible selection process between 
them. In particular, it proposed a decision framework, constructed by a set of basic, core and service 
engineering related properties, it specified the way that DCOM and CORBA support these properties, it 
examined the performance of DCOM and CORBA by conducting a suitably structured experiment, and it 
. 
considered their interworking with the VAM. Then, it discussed the most significant results of this 
comparison attempt, it presented key issues regarding the interworking between DCOM and CORBA, and 
after considering some wider service development matters, together with the main TINA-C requirements 
from a DPE, it selected DCOM as the DPE technology that would be used and examined in the rest of the 
thesis, explaining also the rationale for this choice. 
The first main objective of the thesis, that constitutes an important and central research contribution of it, 
was examined in Chapter 4, which proposed and presented a service development methodology, illustrating 
its ability to enable service engineering activities to satisfy Requirements 1,2,5,8,9,11, and 14 (see 
Section 1.3. ). More specifically, this chapter initially explained the necessity for such a methodology, by 
introducing the concept of the service life cycle, and highlighted its significance and novel character, by 
summarising and critically examining related approaches found in the area of service engineering. After fully 
justifying the importance of proposing a service creation methodology, it discussed a number of service 
modelling issues together with the decision to use the UML notation, and it presented an overview of the 
proposed methodology, considering also significant matters related to the service development process. Then, 
it presented and examined in detail all the phases of the proposed methodology focusing on their essential 
characteristics and artifacts, and concluded by highlighting the importance of supporting the methodology 
with. appropriate and carefully selected software tools. 
'The proposed service development methodology was validated and evaluated (according to the second 
main 'objective of the thesis) in Chapter 5, which ensured the practical value, the applicability, the 
correctness and the completeness of the proposed methodology, and illustrated that it is able to satisfy 
Requirements 1,2,5,8,9,11, and 14 (see Section 1.3. ). More specifically, the starting point of this chapter 
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was the validation of the proposed methodology, which was attempted by applying it to the development of 
telematic services. In particular, the chosen validation approach was justified, the development of a complex 
representative telematic service (a MultiMedia Conferencing Service for Education and Training, MMCS- 
ET), according to the main phases of the proposed methodology, was described and discussed, and a number 
of additional simple validation attempts were outlined, focusing on the explanation of the service scenarios 
that they incorporate. Then, based on the validation results, a number of general purpose design patterns 
(specifically constructed for the proposed methodology) were proposed and presented, together with the basic 
characteristics of service engineering design patterns. Chapter 5 ended by evaluating the service development 
methodology according to the NIMSAD framework and by highlighting the results of this evaluation. 
engineering framework. 
Considering that Chapter 3 selected DCOM as the DPE of choice, Chapter 6 was devoted to the last 
main objective of the thesis, and proposed and examined an approach for enhancing DCOM with the 
capability of handling continuous media interactions. In this way it enabled DCOM to transform to a TINA-C 
compliant DPE, to become suitable for use with the proposed service development methodology, and to ftilly 
satisfy Requirements 3,5, and 7 (see Section 1.3. ). More specifically, this chapter initially identified the 
main issues related to the modelling of multimedia telecommunications services and reviewed briefly 
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important state of the art activities regarding the handling of continuous media. It then emphasised the 
importance of flexibility when supporting continuous media communications in DCOM and considered 
briefly the capability of COM and DCOM to handle multimedia streams. The rest of this chapter focused on 
the examination of a multimedia support platform for DCOM that was proposed to facilitate the 
construction of multimedia telecommunications services. In particular, it presented and explained a number 
of multimedia support services, in the form of COM objects, used for this purpose, it proposed and analysed 
an appropriate stream communication algorithm, and it discussed some important implementation details. 
The proposed modelling approach was then validated through the design and implementation of the MMCS- 
ET, and its flexibility and efficiency was assessed by conducting two types of experiments, reasoning about 
the results, and comparing it with the OMG's AN streams specification. 
Taking into account all the chapters of the thesis, it is evident that the main and secondary objectives of it 
are'realised. Furthermore, the proposed telecommunications service engineering fi-amework of Figure LL 
has been transformed to a more precise and concrete framework (depicted in Figure 7.1. ) that fully satisfies 
I 
all the requirements identified in Section 1.3. as the motivation of the research work presented in this thesis. 
The detailed version of the proposed fi-amework strengthens the belief that telecommunication networks 
and data networks are converging and reveals that this convergence is also manifested in the service 
engineering realm. With the use of the proposed framework, paradigms of software development and 
associated practices can more easily be diflused between telecommunications and data networks. Since the 
latter have from their inception been digital and have relied heavily on software due to their greater 
pr . ocessing'needs, this diffusion is not actually symmetric. It is rather that practices and procedures 
cultivated in data networks are beginning to make their way into telecommunications networks as the latter 
become more similar to data networks. The proposed framework facilitates this transition from the legacy 
telecommunications world since it proposes the use of distributed object platforms as "signalling" 
infrastructures for the realisation of unified service control and management. 
7.3. Research Contributions and Main Findings of the Thesis. 
The research contributions of the thesis were identified and explained at the last section of Chapters 2,3,4, 
5, and 6. In this section, these contributions are highlighted once again by discussing in a concise manner the 
main findings of the thesis that are related to them. 
The most important research contributions of the thesis, which correspond to its main objectives (see 
Section 1.4. ), are the following: 
I)* Yhe proýosal and presentation ofa service development methodology. 
A complete methodology for the development of telematic services was devised, structured, proposed, and 
exa mined in detail (see Chapter 4) [ADA98a][ADA99b][ADA00b][ADA00c][ADA00d][ADA00fl. This 
231 
Chapter 7. - Summary and Conclusions 
methodology "covers" the entire service creation process through a requirements capture and analysis phase, 
a service analysis phase, a service design phase, a service implementation phase and a service validation and 
testing phase, considers telematic services as distributed object-oriented applications operating upon 
distributing object platforms, exploits fundamental object-oriented analysis and design concepts, and has the 
following novel characteristics (see also Section 4.13. ): 
It addresses in sufficient detail all the service creation phases. 
" It emphasises the satisfaction of the user requirements. 
" It adopts an incremental and iterative use case driven approach. 
" It considers the TINA-C service architecture in a critical manner. 
" It promotes the use of the UML notation. 
* It exploits design patterns. 
9 It facilitates reusability. I, 
2) The validation and evaluation of the proposed methodology. 
The proposed service creation methodology was validated by its application to the development (from 
requirements elicitation up to actual implementation) of a complex representative telematic service. (ýL 
MMCS-ET) and to several simple service scenarios (see Section 5.2. ) [ADA00b][ADA00f][PAPA971 
[PAP98a][PAP98b]. These validation attempts (see also Section 5.5. ): 
w- .. Enlightened many aspects regarding the structure and the use of the proposed methodology. 
9 Ensured its applicability, correctness, consistency, flexibility, and effectiveness. 
" Proved its usefulness and its practical value. 
" Offered confidence that it can enable the fast and efficient creation of telematic services. 
" Illustrated the way that the methodology can be applied to the development of specific telematic services. 
*Revealed different perspectives for considering some matters and provided important feedback which 
resulted to the improvement and enhancement of the proposed methodology. 
For the evaluation of the proposed methodology, the NIMSAD framework was used structured 
appropriately according to its essential elements (the "problem situation", the intended problem s0lver, arýd 
the problem-solving process) (see Section 5.4. ). In this way (see also Sections 5.4. and 5.5. ): 
The completeness of the proposed methodology was proved as it was found that it addresses all the issues 
that a premium methodology for the development of systems should address. 
* Its applicability and its overall quality were ensured. 
*A number of important issues regarding its use were clarified. 
Its objectives, features, nature, and philosophy were better explained. 
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Service developers were enabled to customise the methodology according to the requirements of a 
particular circumstance in the best possible way. 
The necessity'to apply the methodology in a critical manner was highlighted. 
3) The ýnhqn&ement ofDCOM with the cgpabiliU ofhandling continuous media interactions. 
A structured approach that enables DCOM to handle continuous media streams was proposed and 
presented by designing and implementing a number of suitable RM-ODP compliant multimedia support 
services (which correspond to primitive COM objects) together with a related API, that collectively 
constitute a multimedia support platform for constructing telematic services with multimedia characteristics 
in DCOM (see Chapter 6) [ADA99a][ADA00a][ADA00g]. The proposed modelling approach, which 
includes also a stream communication algorithm, was validated through the design and implementation of the 
MMCS-ET, went through experimentation regarding the use of object groups and different threading models, 
and was compared with the OMG's AN streams specification. In this way (see also Sections 6.4. and 6.5. ): 
, 
*. The flexibility, consistency, and intuitive character of the proposed modelling approach were ensured. 
Its applicability and its true practical value were proved. 
The importance of using object groups, as the number of stream connections is increasing, was justified. 
e. Thq 
-rationale 
for preferring the use of the MultiThreaded Apartment (MTA) threading model was explained. 
9 The conceptual compatibility of the proposed modelling approach with the OMG's AN streams 
specification was illustrated. 
Except from the above central research contributions, several other parts of the thesis constitute a 
secondary research contribution, because they clarify some issues, examine in depth certain properties, 
reason about some decisions or structure / synthesise some concepts / processes into something basically 
new. These secondary research contributions correspond to the secondary objectives of the thesis (see 
Section 1.4. ), and are highlighted in the following paragraphs by presenting the related findings of the thesis 
itructured -according to the constituent parts of the proposed telecommunications service engineering 
framework of Figure 1.1. (in the order that they are examined in the thesis). 
The main findings related to the service support environment are the following (see Section 2.7. ): 
A telematic service is defined as a geographically distributed entity providing a number of people a prede- 
fined, carefully selected, set of capabilities / facilities regarding the integrated coverage of a wide range of 
needs, utilising the resources of telecommunication networks (see also Section 2.2. ) [ADA98a][ADA99d]. 
The application of object orientation to the development of telematic services is more likely to start from 
the service design phase. When designing telematic: services it is necessary to support quality, modularity, 
the management of complexity, and distributed processing. All these requirements can be efficiently 
supported by the object-oriented paradigm (see also Section 2.3.2. ) [ADA98c]. 
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The full potential of object orientation can only be realised when it is applied to tlýe complete 166-cycle of a 
telernatic service (see also Section 2.3.3. ) [ADA98c][ADA98d]. 
*General purpose object-oriented software development methodologies are unable to efficiently supp ort 
service development mainly because, due to their (intentionally) abstract nature, their customisation for 
service creation purposes is generally a difficult and time consuming task that involves a significant amount 
of work. Furthermore, the customisation of such a methodology increases the poss&lity of inheriting- its 
deficiencies, while it does not guarantee the preservation of its advantages (see also Section 2.3.3. ) [ADA00f]. 
" The two most important architectural frameworks that support the control and management - of 
telecommunications services in an integrated manner and promise to make the future open information 
market a reality are OSA and TINA-C. Although they have many similarities and present a surprising 
cornmonality in the technical approach that they follow, they also have important differences in scope and 
their architectures are expressed in different ways. Between them, TINA-C appears to be more. robust, 
more, complete and more promising for the future, as various problems, weaknesses and pitfalls will. be 
tackled by the ongoing efforts of the TINA consortium (see also Section 2.5. ) [ADA98d]. 
" TINA-C is already a mature architectural framework that is flexible in adapting new and existing 
approaches and technologies (e. g. IN, TMN, the Internet, mobile communications). It : 
isý 
- gaining 
acceptance at a steady rate, through validation activities, the appearance of related products, and the 
examination of interworking concepts and migration strategies from current and emerging technolog, s. 
Therefore, TINA-C is a very interesting and promising solution for the middle and long term. Furthermore, 
TINA-C is not an "all-or-nothing" approach and the principles and concepts of TINA-C will continue to 
be very valuable as a conceptual guideline in any context, irrespective of the penetration of the complete 
TINA-C architectural framework (see also Section 2.5.4. ) [ADA98d][ADA00fl. 
The main findings related to the service creation environment are the following (see Section 2.7. - 
"A SCE is a logical framework incorporating a collection of appropriate, carefully designed and tested, 
customisable, and user-friendly software tools together with a reuse infrastructure (see also Section 2.6. ). 
"A SCE is in close cooperation with the service development methodology being used and aims to increase 
its applicability and not to substitute it. For this reason, a SCE is proposed to be constructed, (or 
customised) by the service developer(s), prior to the start of a specific service development project, 'by 
considering a number of factors related to the project (see also Section 2.6. ). 
The main findings related to the service execution environment (except from those that constitute a 
central research contribution) are the following (see Section 3.7. ): 
o The evaluation of the most significant existing dejure and de facto DPEs (ISO's/ ITU-T's RM-ODP, Oýen 
Group's DCE, OMG's CORBA, Microsoft's COM / DCOM, Sun's Java RMI) from the perspective, of 
telecommunications service engineering, revealed that DCOM and CORBA are the only`twý'o 
E'iPP_ 
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technologies that have currently the capabilities to support service engineering activities in an efficient and 
effective manner. However, irrespective of this fact the various initiatives in the field of open distributed 
procesýing are complementary with a potential path to convergence (see also Section 3.2) [ADA98d]. 
I- 
The most important benefits offered by distributed object technology to telematic services engineered in 
this way are ease of development and maintenance, abstraction, modularity, reusability, and granularity 
flexibility (see also Section 3.3. ) [ADA99c]. 
There is no doubt that both DCOM and CORBA are important for the realisation of telematic services in 
today's heterogeneous information networking environment. A selection between them can be facilitated by 
a decision framework, including a number of basic, core and service engineering related properties, and 
examining the way that DCOM and CORBA support these properties (see also Section 3.4. ) [ADA99c]. 
DCOM and CORBA have a comparable performance under the MS Windows operating system platform, 
although DCOM appears to be more flexible and with a significant potential for improved performance 
due to its extensible and customisable remoting architecture. Furthermore, in both DCOM and CORBA 
remote, method calls are slower than local method calls, and many single method calls are five to ten times 
slower than a single multiple method call (see also Section 3.4.3. ) [ADA00e]. 
DCOM and CORBA are equally capable to interoperate with the YAW and the Internet, and there are a 
number of possible approaches for such an interoperation (see also Section 3.4.4. ) [ADA98b]. 
DCOM and CORBA have much in common and continue to converge in several aspects, although each 
architecture has-different origins, with consequent strengths and weaknesses. Both of them provide a solid 
distributed object infrastructure and there are specific scenarios in which each excels over the other. 
H6wever, neither technology provides a complete solution for service engineering activities (see also 
Section 3.4.5. ) [ADA99c][ADA00e]. 
Selecting between DCOM and CORBA for a specific service engineering activity can be a complicated 
task that requires experience, an accurate appreciation of the main parameters of the problem domain, and 
an ability to consider the merits of these technologies from a less technical and more strategic perspective. 
Nevertheless, DCOM is more suitable for the development of telematic services in Windows-based 
environments, particularly by medium and small organisations and departments, while CORBA is 
preferable when there is a requirement for multi-platform support or for a choice with the least 
technological risk (see also Section 3.6. ) [ADA99c][ADA00e]. 
The, main, requirements that TINA-C has from a DPE are satisfied by DCOM, after its enhancement with 
the capability to model continuous media interactions, and by an ORB implementing CORBA 3.0 
specification (see also Section 3.6. ) [ADA98d]. 
o Control aspects are important when modelling multimedia telecommunications services and flexibility is a 
desired property when modelling continuous media interactions (see also Section 6.2. ) [ADA99a] 
[, ýDA00a][ADA00g]. 
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The main findings related to the service development methodology (except from -those that constitute 
central research contributions) are the following (see Sections 4.13. and 5.5. ): 
A service development methodology is necessary because service creation is not only one of the most 
important stages of the service life-cycle, but also one of the most abstract and general. It is also necessary 
because of the inefficiencies and the shortcomings of the related approaches that are found in the service 
engineering literature, and because general purpose object-oriented methodologies and RM-ODP-: fail to 
support efficiently the service creation process (see also Section 4.2. ) [ADA99b] [ADA00c] [ADA00f]. 
As is revealed by the main validation attempt of the proposed service creation methodology' (i. e. - the 
development of the MMCS-ET), a conferencing telematic service with multimedia characteristics that can 
be used for education and training purposes, involves the support of various session management, 
interaction, and collaboration support requirements (see also Section 5.2.1. and Appendix A) [ADA00b] 
[ADA00fl[PAP98a]. 
The simple service scenarios used together with the MMCS-ET for validating the proposed metho dol6iýv 
can also be used for similar validation purposes in the service engineering area (see also Section 5.2.2. ) 
[PAP98c][PAPA99]. 
The general purpose and the service engineering design patterns that enhanced the proposed methodology 
decrease the possibility of poor choices, improve the quality of the design of service intemction'didgrarns, 
increase the possibility of a skilful implementation, and assist significantly service d6velopers-irf- this 
process. Furthermore, they ensure the effective and cfficient communication of architectural knowledge 
between the service developers, and reduce the scope of the problem solving process in the case Of slervice 
creation, because they communicate "best practice" idioms and solutions for the development of telematic 
services (see also Section 5.3. ) [ADA99b][ADA00c][ADA00fl. 
The structuring of the (otherwise abstract, verbose and difficult to use) NIMSAD framework in concise 
but detailed manner, using its essential elements as a guide, improves significantly its applicability,. and 
increases its value (see also Section 5.4. ). 
7.4. Possible Future Work. 
It is commonly the case with research that, as progress is made, a substantial amount of finther, work is 
generated. This section therefore highlights a number of areas in which the research presented in, this thesis' 
may be continued and extended. These areas, which correspond to potentialfuture research directions, are:, 
The seamless integration ofmobile agents into the proposed service development Mg&gd2jM - 
Agents are software entities that have certain properties such as autonomy, mobility, intelligence, etc. There 
is no concrete and agreed definition of agents; rather agents are defined by the properties they have. -Agents 
provide a new design and programming paradigm, and more specifically mobile agent technology has been 
proposed to address complexity problems related with service creation and deployment. However, the inte- 
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gration of mobile agents into the service creation process should not be decided on an ad-hoc basis. The pro- 
posed methodology should be carefully adapted and specialised to take into account agent-related concepts, 
and should provide guidelines on which service components are beneficial for implementation as mobile 
agents, and on how parts of a service may be modelled and implemented using agents [HAGE98]. 
Ae consideration ofmobilify requirements by the proposed methodology 
Ile increased expectations from the rapid evolution of mobile communication systems, in combination 
with the current proliferation of mobile telephony (and other related supplementary services), make evident 
the need to take into account the different facets of mobility (terminal, personal, and service mobility) in the 
proposed service development methodology. The consideration of the requirements and features involved in 
mobility will affect all the phases of the proposed methodology, and should be done in alignment with related 
research work regarding the TINA-C service architecture (see Section 2.5.4. ) and with standardisation work 
pertaining the Universal Mobile Telecommunication System (UNITS), developed by ETSI, and the 
International Mobile Telecommunications 2000 (IMT2000), developed by the ITU-T. 
The enhancement ofthe proposed methodology for the detailed supj2ort oýfederation and composition 
Currently, the proposed methodology offers only limited support for service federation and composition 
(see Section 4.9.3. ). However, in the not so distant future, situations in which consumers have access 
sessions with different retailers and would like to engage in the same service session, are expected to occur 
mo. ýe often. Then, service federation and composition mechanisms are needed between the different retailers. 
For this reason, the phases of the proposed methodology should be tuned to take into account issues of 
service composition and federation. Necessary is also the examination of several related matters that are still 
open in TTNA-C, such as the support for more than two domains, on-line and off-line contract negotiation, 
handling of session invitations, and session model negotiation. 
Thý consideration of integrity mquirements during service creation 
As modem telematic services are becoming increasingly complex, and due to regulatory demands for 
operator interworking, the ability of services to retain their operational state of high integrity is crucial. The 
number of integrity issues in such services are vast (e. g. robustness, resilience, availability, performance, 
sca lability, data coherence, liveness, safety, feature interaction, complexity, reliability, security) and these 
issues , -must be understood and managed throughout service development, testing, deployment, and 
maintenance. Therefore, in parallel with the application of the service development methodology, service 
developers - should ensure that integrity requirements are satisfied 
by adopting carefully selected and 
structured integrity-preserving policies. 
The further gM16itation ofdesign patterns in the service engýineering area 
Design patterns can provide a powerful means of representing proven solutions to problems which arise in 
course of service developmentý as they can capture knowledge gained during the service creation process, 
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which might be usefully reused in future service development activities. Therefore, the careful constructiok 
in alignment with the proposed methodology, of more service engineering design patterns (see, alsoý Section 
5.3. ) regarding a variety of service requirements, will undoubtfully facilitate the task of service developers'. 
Furthermore, design patterns can provide important contextual information about the intention / purpose, the 
appropriate uses, the previous uses, and the design trade-offs embodied in service components. The effective 
use of this information during service component reuse is also a significant open research issue. 
z CE ry The Merimentation with the use ofDCOM for implementinj avarie oftelematicse ices 
Chapter 3 revealed that the importance of DCOM in service engineering is expected. to incre&§e. 
Therefore, finther experience on the use of DCOM for implementing various telematic services is neededý as 
it is a prerequisite for extending DCOM in order to provide real-time functionality through an appropriate 
API, for examining the optimum way that DCOM's performance can be improved by cust6mýising: its 
remoting architecture under different service provisioning conditions, and for creating a library of reusable 
DCOM service components and considering component adaptation issues and the structuring / fiinciionality 
I ty tw an RBA: 'IS of reuse 
infrastructures for DCOM. Finally, the efficient interoperabi i be een DCOM d CO 
necessary to be more carefully examined under various conditions, possibly with the help of the proposed 
service creation methodology, as its application is independent from a specific distributed object technology. 
7.5. Concluding Remarks. 
The telecommunications industry is currently facing a number of challenges imposed by changes'. in. the 
telecommunications market. Deregulation, liberalisation and competition, fuelled by rapid technological 
developments, imply requirements for higher utilisation of the network infrastructure, shorter time to market 
for new telecommunications services, much higher degree of custornisation of these services, cost reduction 
of service development, open network provision, global connectivity, and global information jaccess. 
Furthermore, both telecommunications services and networks are ever growing in sophis"ti'cition 
complexity with a tendency to become large-scale, highly decentralised and heterogeneous systems involying 
numerous users and resources. All these changes require more complex software systems and thus rnake 
evident the necessity to accelerate the integration of information technology and telecommunications. 
The research work undertaken in this thesis, together with the proposed telecommunications service 
engineering framework (depicted in Figures LL and 7.1. ), promise to facilitate such an integration -and 
provide the basis for the evolution of the service engineering discipline according to the main trends. that 
characterise the world-wide telecommunications environment (see Section 1.1. ). Therefore, this thesis can be 
considered as a necessary foundation for the provision of a great variety of new sophisticated telematic 
services with multimedia characteristics (in a highly competitive environment of service provisiomng, con- 
sisting of a multiplicity of cooperating and competing providers), that will eventually realise the open serv- 
ices market, creating a ubiquitous information and communication system available to, and usable by, All. 
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App en dix A: 
De" ta He d, Pre sen ta tio n 
of the Development of a MMCS-ET 
using the Proposed Methodology 
A. I. Introduction. 
As was mentioned in Section 5.2. the service creation methodology that is proposed and presented in Chapter 
4 is validated (mainly) by using it for the development of a MultiMedia Conferencing Service for Education 
and Training (MMCS-ET). This validation attempt is described in considerable detail in this appendix, 
complementing Section 5.2.1., as it takes into account the entire functionality of the MMCS-ET. The focus 
is on the important artifacts that were created during the application of the main phases of the proposed 
methodology. In oidef to avoid overlapping with Section 5.2.1., appropriate references to this section are 
used in this appendix, whenever it is considered to be necessary. 
A. 2. Requirements Capture and Analysis Phase. 
The main objective of the MMCS-ET (step 2, activity 2 is to enable a teacher / trainer to teach a specific :-, -S2 
course to a number of geographically dispersed / distributed students / trainee . The service should estab- 
lish an educational session between the teacher and the remote students that is equivalent to the educational 
that would have been established between the same people (teacher and students) in a traditional classroom. 
The results of the analysis of the constituent parts of the main objective of the MMCS-ET (step 3, activity 2) 
are: 
e. "a teacher/ trainer". Every educational session has at least one teacher who can participate in only one 
edýcational' session at a given time. 
1 Such statements refer always to the phase of the methodology that is currently examined. More details are given in 
2 
Chapter 4 where the proposed methodology is presented. 
For reasons of simplicity, the rest of Appendix A will refer to teachers and students implying teachers / trainers 
and students / trainees respectively. 
A-1 
Appendix A: Detailed Presentation of the Development of a MMCS-ET 
"teach ". Teaching is the core action that the MMCS-ET should enable and facilitate. It is the maijý 
objective of an educational session and the reason for its establishment. 
" "specific course ": In every educational session a course is being taught by the teacher to the students. This 
course is selected by the teacher before the establishment ofthe educational session. The selection of a course 
(e. g. from a course database) is the responsibility of the teacher and is not facilitated by the MMCS-ET. 
" "a number ofgeographically dispersed / distributed students / trainees ". The students can be located in 
different places, as long as they have available a personal computer and network connectivity. In the most 
simple case, only a teacher and one student participate in an educational session. A student can't 
participate in more than one educational sessions simultaneously. 
" "traditional classroom ": In a traditional classroom the teacher and the students are. all (physically) 
located in the same classroom. When the teacher and the students are geographically'distributed-itiýy 
constitute a virtual classroom (or virtual class). 
" "The service should establish an educational session between the teacher and the remote students... I, / 
the educational session that would have been established between the same people in a traditional 
classroom ": Every time a teacher teaches a number of (local or remote) students an educational session 
takes place. The establishment of such a session involves the creation of the session by the teacher and the 
invitation of students to participate in the session. For example, in a traditional classroom the teacher 
creates the educational session by entering a classroom and invites the students either verbally. or by 
ringing a bell. It is obvious that in order to have a session at least one student has to accept the invitation 
(and not be a participant to another session). Only a teacher can create an educational session. A student 
can't create an educational session and can't invite a new participant (teacher or student) to a session-ýA 
student participating in a session can only invite to direct communication with him / her anotherstudent, 
who is also (already) a participant in the same session. 
e "equivalent to": The educational session established in a virtual classroom by the MMCS-ET should be 
equivalent to the educational session established in a traditional classroom and should have as many 
characteristics as possible in common with it. More specifically, in a traditional classroom the teacher has 
the ability to manage the educational session. Besides establishing the session he / she can also modify'the 
session, suspend and resume the session, and finally finish the session. The same capabilities should also 
characterise the teacher in a virtual classroom. Furthermore, in a traditional classroom the teacher and the 
students can interact (and possibly collaborate) during an educational session by seeing and talking to 
hearing each other, by writing at their notepads, by writing at the blackboard of their classroom, and by 
exchanging course material (e. g. documents, graphs, etc. ). Therefore, in a virtual classroom there is a ne -d 
for audio / video (A/V), text, and file communication between the session participants, and collaboration 
among all the session participants in order to perform a common taský 
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As was explained in Section 5.2.1.2. the following use cases are considered (activity 4): 
" Contact the MMCS-ET provider (start up the MMCS-ET service). 
" Log in to the NMCS-ET provider domain. 
" Start a new MMCS-ET session. 
" Invite a student to join a MMCS-ET session. 
" Join a MMCS-ET session after being invited. 
" Invite a student (active user) to direct communication. 
" Accept direct communication with a student (active user). 
" Engage in text communication with an active user. 
Engage in file communication with an active user. 
Engage in AN communication with a student (active user). 
" Stop AN communication with a student (active user). 
" Start AN communication with a student (active user). 
" Terminate AN communication with a student (active user). 
" Engage in a chat with all active users. 
" Engage in file communication with all students (active users). 
" Start a voting process between all active users. 
Vote in a voting process between all active users. 
Presentthd I outcome of a voting process to all the involved active users. 
Terminate direct communication between two students (active users). 
" Remove a student from a MMCS-ET session. 
" Terminate a MMCS-ET session. 
Terminate the MMCS-ET service. 
These use cases (except from the target use cases) are expressed in a high-levelformat (activity 4) in the 
following way: 
Use Case: Contact the MMCS-ET provider domain. 
Actors: Teacher (initiator) or student (initiator). 
Typ e. Primary. 
Description: A user (teacher or student) starts the MMCS-ET service. This is done by contacting the MMCS-ET provider domain and preparing 
the MMCS-ET service for use. 
Use Case: Log in to the MMCS-ET provider domain. 
! 4ctors. Teacher (initiator) or student (initiator). 
Typ e. - Primary. 
Description: A user (teacher or student) logs in to the MMCS-ET provider domain by specifying an appropriate user name and password. On 
completion, the MMCS-ET service can correctly identify the user by a user name. 
Use Case. Start a new MMCS-ET session. 
Actors: Teacher (initiator). 
TYP e. Primary. 
Description: A teacher (logged in user) starts a new educational / training session. On completion, an educational / training session is created and 
the teacher is ready to invite students (logged in users) to join the session. 
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Use Case: Invite a student (active user) to direct communication. 
Actors: Two students (one of them is the initiator) - the one that makes the invitation. 
Type: Primary. 
Description: A student participating in a MMCS-ET session invites another student participating in the same MMCS-ET session to direct (textý 
audio / video, file) communication. On completion, the latter student is left to decide whether to accept this invitation by the former 
student. 
Use Case: Accept direct communication with a student (active user). 
Actors: Two students (one of them is the initiator - the one that replies to the invitation). 
Typ e. Primary. 
Description: A student participating in a MMCS-ET session accepts the invitation from another student participating in the same MMCS-ET 
session to engage in direct (text, audio / video, file) communication with him / her. Ile latter student is informed about the decision 
of the former student On completion, the two students are ready to engage in direct communication with each other. 
Use Case. Engage in file communication with an active user. 
Actors: Teacher (initiator), student or student (initiator), teacher or two students (one of them is the initiator, the one that sends the file). 
Typ e: Primary. 
Pescription: A user, participating in a MMCS-ET session, sends a file to another user, participating in the same MMCS-ET session. Both users are 
ready to engage in direct communication with each other. On completion, the two users are engaged in file communication. 
Use Case: Engage in AN communication with a student (active user). 
Actors: Teacher (initiator), student or two students (one of them is the initiator). 
Type. Primary. 
Description: A user participating in a MMCS-ET session initiates the establishment of two AN stream connections with another user participating 
in the same MMCS-ET session. Both users are ready to engage in direct communication with each other. On completion, the two 
users are engaged in AN communication with each other. 
Use Case. Stop AN communication with a student (active user). 
Actors: Teacher (initiator), student or two students (one of them is the initiator). 
Type: Primary. 
Description: A user participating in a MMCS-ET session stops to communicate using audio and video with another user participating in the same 
MMCS-ET session. On completion, the AN communication between the two users is blocked. 
Use Case: Start AN communication with a student (active user). 
Actors., Teacher (initiator), student or two students (one of them is the initiator). 
Typ e: Primary. 
Description: A user participating in a MMCS-ET session starts a blocked AN communication between him her and another user participating in 
the same MMCS-ET session. On completion, the two users are engaged in AN communication with each other. 
Use Case: Terminate AN communication with a student (active user). 
Actors: Teacher (initiator), student or two students (one of them is the initiator). 
Typ e. Primary. 
Description: A user participating in a MMCS-ET session terminates an established AN communication between him / her and another user 
participating in the same MMCS-ET session. On completion, the two users can't communicate using audio and video. 
Use Case: Engage in a chat with all active users. 
Actors: All active users (teacher, students) - one of them is the initiator (the one that sends the message which is broadcasted). 
Typ e: Primary. 
Description: A user, participating in a MMCS-ET session, sends a (text) message to all the other users participating in the same MMCS-ET 
session. On completion, all these users are engaged in a chat. 
Use Case: Engage in rile communication with all students (active users). 
Actors: Teacher (initiator), all active students. 
Type: Primary. 
Description: A teacher, participating in a MMCS-ET session, sends a file to all the students, participating in the same MMCS-ET session. CTj 
completion, the teacher is engaged in file communication with all the students. 
Use Case. Start a voting process between all active users. 
Actors: Teacher (initiator), all active users. 
Typ e. Primary. 
Description: A teacher initiates a voting process between all the users that participate in the MMCS-ET session that he she created. 1 
on, 
completion, all users are asked for their vote on a specific matter. 
Use Case: Vote in a voting process between all active users. 
A ctors., Teacher (initiator) or student (initiator). 
Typ e: Primary. 
Description: A user (teacher or student) paiticipating in a voting process started by the teacher, expresses his her voting decision by sending a 
vote. On completion, the user is informed that his / her vote has been received. 
Use Case: Present the outcome of a voting process to all the involved active users. 
Actors., Teacher (initiator), all active users. 
Typ e: Primary. 
Description: The teacher requires the calculation of the outcome of the voting process that he / she started and the presentation of this' outcom. 
-c 
all the involved active users. On completion, the voting process is considered to be finished. 
A4 
Appendix& Detailed Presentation of the Development of a MMCS-ET 
Use Case: Terminate direct communication between two students (active users). Actors: Two students (one of them is the initiator - the one that requests the termination). Typ e. Primary. 
Description: A student participating in a MMCS-ET session requests the termination of his / her direct (text, audio / video, file) communication 
with another student participating in the same MMCS-ET session. On completion, the two students are not engaged any more in direct communication with each other. 
Use Case. Remove a student from a MMCS-ET session. 
Actors: Teacher (initiator), student. 
Typ e. - Primary. 
Description: A teacher removes, fiom the MMCS-ET session that he / she created, a student who is participating in this MMCS-ET session. On 
completion, the student is not engaged in direct (text, audio / video, file) communication with the teacher. and he / she is not a 
participant of the MMCS-ET session any more. 
Use Case. Terminate a MMCS-ET session. 
Actors: Teacher (initiator). 
Type: Primary. 
Description: A teacher terminates the MMCS-ET session that he / she created. On completion, all the students that were participants of the 
MMCS-ET session are removed and the teacher is ready to start a new MMCS-ET session. 
Use Case. Terminate the MMCS-ET service. 
Actors. Teacher (initiator) or student (initiator). 
Typ e. - Primary. 
Description: A user (teacher or student) terminates the MMCS-ET service that he / she wanted to use when he / she logged in to the MMCS-ET 
provider domain. On completion, the user is ready to start again the MMCS-ET service. 
,, 
Important terms, related to the MMCS-ET, that are used during the service development process are 
defined in the glossary (activity 6). The glossary also records important assumptions regarding the MMCS- 
ET. These are the following: 
A teacher can only create NMCS-ET sessions and not sessions of another service. In the same manner, a 
student can participate only in NMCS-ET sessions (after being invited by a teacher) and not in sessions of 
another service. 
The subscription of a user (teacher or student) can't end while he / she is active, i. e. while he / she 
participates in a MMCS-ET session. 
A student joins a MMCS-ET session after being invited by a teacher. The student should not refuse such 
an invitation and should not terminate the service without being removed by the teacher first. Furthermore, 
an active student should not refuse an invitation for direct communication by another active student of the 
same MMCS-ET session. Finally, a student should always respond to invitations. 
Two different teachers and two different group of students can participate in two different MMCS-ET 
sessions at the same time (with two different active user information lists). However, the MMCS-ET has 
been tested with one teacher and two students participating in a MMCS-ET session, without the presence 
of another MMCS-ET session at the same time. 
Instead of a videocamera, for the AN interaction between users of the service a number of avi files are 
interchanged continuously between the users. 
The terminal configuration of the users is suitable for the MMCS-ET. 
There are no specific policies that apply on invitations of students by a teacher. 
A-5 
Appendix A: Detailed Presentation of the Development of a MMCS-ET 
The subscription profile of a student permits the direct communication with another student when both 
students participate in the same MMCS-ET session. 
9A student (active user) can't be removed from a MMCS-ET session by the teacher before answering all 
the invitations for direct communication by other active students. 
A student (active user) can't be removed from a MMCS-ET session by the teacher while there is voting 
activity. The student must vote first. He / she must also be informed about the result of the voting process. 
The list containing information about all the messages exchanged recently between two users can store yp 
to ten (10) messages. 
e The list containing information about all the messages broadcasted recently to all the users that participate 
in the MMCS-ET session can store up to ten (10) messages. 
A. 3. Service Analysis Phase. 
The MMCS-ET use cases are expressed in an expandedformat (activity 1) in the following way (except 
from the target use cases, see Section 5.2.1.3. ): 
1) Use case "Contact the MMCS-Ef provider (start yp the MMCS-ET service) 
Use Case. - Contact the MMCS-ET provider domain. 
Actors: Teacher (initiator) or student (initiator). 
Purpose: Start up the MMCS-ET service. 
Overview. A user (teacher or student) starts the MMCS-ET service. This is done by contacting the MMCS-ET provider domain and 
preparing the MMCS-ET service for use. 
Typ e: Primary and essential 
Cross References: Service Functions: SF. 1.1. 
Use Case: - 
Typical Course of Events. 
Actor Action 
1. Ilis use case begins when a user 
(teacher or student) decides to 
start a MMCS-ET service. 
2. The user specifies the name of the 
service (MMCS-ET) that he / she 
wants to start. 
Alternative Courses: 
None 
Service Response 
3. Locates a MMCS-ET service profile in the MMCS-ET provider domain by querying a MMCS-E7, 
providerprofile with the name ofthe desired service (MMCS-ET). 
4. Informs the user that a MMCS-ETservice profile has been located successfullY. 
5. Prompts the user to log in to the MMCS-ET provider domain. 
2) Use case "Log in to the MMCS-ET12rovider domain": 
Use Case: Log in to the MMCS-ET provider domain. 
Actors. Teacher (initiator) or student (initiator). 
Purpose: Describes the log in process for a teacher or a student. 
Overview. A user (teacher or student) logs in to the MMCS-ET provider domain by specifying an appropriate user name and password., - 
On completion, the MMCS-ET service can correctly identify the user by a user name. 
Typ e: Primary and essential. 
Cross References: Service Functions: SF. 1.2., SF. 1.3., SF. 1.4., SF. 1.5., SF. 1.6., SF. I. 7., SFIX, SF. 1.16. 
Use Cases: The user involved in the current use case must have completed the use case 
"Contact the MMCS-ETDrovider domain . 
Typical Course of Events: 
ActorAction 
1. This use case begins when a user 
(teacher or student) decides to log 
in, in order to be able to use the 
MMCS-ET service. 
Service Response 
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2. The user specifies his / her user 3. Examines the length of thepassword specified by the user and finds it to be equal or greater than six. 
name and the corresponding pass- 
word (security information). 
4. Ciphers the password. 
5. Locates the MMCS-ETservice profile by querying the MMCS-ETproviderproftle. 
6. Locates a catalog containing security information about potential users of the MMCS-ET service 
with the help of the MMCS-ET service profile. 
7. Deciphers thepasswordof the userjust before startingto usethe user security catalog. 
S. Examines the validity of the user name specified by the user using the user security catalog. 
Finds the user name in the user security catalog (i. e. the user name is valid). 
9. Examines the validity of the security information specified by the user using the user security 
catalog. 
Finds that the given password is in the user security catalog and corresponds to the given user name. 
10. Creates a user profile (teacher profile or student profile) for the user with the given user name in 
order to signify that the specific user is considered to be logged in. 
11. Locates a list containing information about all the logged in users with the help of the MMCS-ET 
service profile. 
12. Updates the logged in user information list with information regarding the user that just logged in. 
13. Informs the MMCS-ETproviderproftle for the newly created userprojile. 
14. Customises the newly created user profile for the specific user that just logged in with the help of the 
AfMCS-ETproviderproftle. 
15. Prompts the user to invite another user in order to interact with him / her using the capabilities 
provided by the MMCS-ET service. 
Alternative Courses. 
" Event 3: The length of the password specified by the user is less than six (6). Indicate the error to the user. 
" Event 8: The user security information catalog does not contain the user name specified by the user (i. e. the user name is not valid). Indicate the error 
to the user. 
" Event 9. The user security information catalog does not contain the given password or the given password is contained in the user security information 
catalog but it does not correspond to the given user name. Indicate the error to the user. 
3) Use case "Start a new MMCS-ET session": 
Use Case. Start a new MMCS-ET session. 
Actors. Teacher (initiator). 
Purpose. Describes the attempt of a teacher to start a new educational / training session. 
Overview: A teacher (logged in user) starts a new educational / training session. On completion, an educational / training session is 
created and the teacher is ready to invite students (logged in users) to join the session. 
Type. Primary and essential. 
Cross References: Service Functions. SF. I. 8., SF. 1.10., SF. 1.12., SF. I. 13., SF. 1.14., SF. I. 17., SF. 1.18. 
Use Cases: Ile teacher involved in the current use case must have completed the use case 
"Loz in to the MMCS-ETprovider domain . 
Typical Course ofEvents. 
Actor Action Service Response 
1. This use case begins when a 
teacher indicates that he/she wants 
to start a new edurational / train- 
I. ng sessi . on (MMCSýETsession). 
2. The teacher specifies the name of 3. Locates the userprofile of the teacher (teacherprofile) by querying the MMCS-ETproviderprojile. 
the service (MMCS-EI) that the 
MMCS-ETsession is part of. 
4. Examines whether the teacher participates in a MMCS-ET session or no4 by querying the MMCS-ET 
providerproftle. 
Finds that the teacher does not participate in a MMCS-ETsession. 
5. Examines whether the user that attempts to start a new MMCS-ET session is a teacher or not, by 
quen ying the appropriate userprojile. 
Finds that the user that attempts to start a new MMCS-ETsession is a teacher. 
6. Examines the status of the teacher by querying the user prortle of the teacher. The teacher can be, 
either a logged in user or an active user (participating already in the session ofanother service). 
Finds that the teacher is a logged in user. 
7. Locates a catalog containing subscription information about all the users that am subscribers of the 
MMCS-ET service with the help of the userprofile ofthe teacher. 
S. Examines whether the teacher is a subscriber of the MMCS-ET service or not, using the user 
subscription catalog. 
Finds that the teacher is a subscriber ofthe MMCS-ET service. 
9. Creates a session (MMCS-ET session) using the name of the service (MMCS-ET) specified by the 
teacher. 
10. Creates a list containing information about all the users that participate in the MMCS-ET session 
(active users). 
11. Updates the "live user information list with information regarding the teacher that started the 
MMCS-ETsession. 
12. Informs the userproftle ofthe teacher for the newly created MMCS-ETsession. 
13. Changes the status of the teacher from logged in to active (as the teacher is now an active user) with 
the help ofthe userprojile ofthe teacher. 
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14. Informs the MMCS-ET provider profile for the new MMCS-ET session that was started by the 
teacher. 
15. Indicates that the teacher has started a new MMCS-ETsession. 
16. Indicates that the teacher participates in a MMCS-ETsession. 
Alternative Courses: 
" Event 4: The teacher participates in a MMCS-ET session. Taking into account that the teacher didn't start the MMCS-ET session that he she 
participates, that only a teacher can start a MMCS-ET session, and that only one teacher can participate in a MMCS-ET session at a given time, it is 
evident that the user that initiated the invitation is a student, and not a teacher. Follow the use case "Invite a student (active user) to direct 
communication" from event 5 onwards. 
" Event 5: The user that attempts to start a new MMCS-ET session is not a teacher (i. e. he / she is a student). However, only a teacher can start a new 
MMCS-ET session. Indicate the error to the user. 
" Event 6: The teacher is an active user (i. e. he / she participates already in the session of another service). However, a teacher can participate in only 
one session of a service at a given time. Indicate the error to the teacher. 
" Event 8: The teacher is not a subscriber of the MMCS-ET service. Indicate the error to the teacher. 
4) Use case "Invite a student (active user) to direct communication": 
Use Case: Invite a student (active user) to direct communication. 
Actors: Two students (one of them is the initiator) - the one that makes the invitation. 
Purpose. Describes the way that a student paiticipating in a MMCS-ET session with another student proposes the establishment of 
direct communication between them. 
Overview. A student participating in a MMCS-ET session invites another student participating in the same MMCS-ET session to direct 
ftextý audio / video, file) communication. On completion, die latter student is left to decide whether to accept this invitation by 
the former student. 
Typ e: Primary and essential. 
Cross References. Service Functions: SF. 1.12., SF. 1.13., SF. 1.20. 
Use Cases: Each of the students involved in the current use case must have completed the use case 
"Join a MMCS-ETsession after beine invite 
Typical Course ofEvents: 
Actor Action 
1. This use case begins when a 
student (e. g. student A), partici- 
pating in a MMCS-ET session, 
decides to invite another student 
(e. g. student B), participating in 
the same MMCS-ET session, to 
direct communication. 
2. Student A specifies the user name 
of the student (student B) that he / 
she wants to invite to direct 
communication. 
Service Response 
3. Examines whether student A has started anew MMCS-ET session or not, by querying the MMCS-ET 
providerprofile. 
Finds that student A has not started a new MMCS-ETsession. 
4. Examines whether student A participates in a MMCS-ET session or not, by querying the MMCS-Er 
providerproftle. 
Finds that student A participates in a MMCS-ETsession. 
5. Locates a list containing information about all the users (teacher, other students) that are in direct 
communication with student A- 
6. Examines whether student B is already in direct communication with student A or not,. psing the 
directly communicating user information list that refers to student A. 
Finds that student B is not in direct communication with student A. 
7. Locates a list containing information about all the active users with the help ofthe MMCS-ETsession. 
8. Examines whether the user that student A wants to invite is active or not and whether he / she is'a 
student or not, using the active user information list. 
Finds that the user that student A wants to invite (student B) is an active student. 
9. Examines whether student B has already a pending invitation (an invitation not answered yet) for 
direct communication from another student. 
Finds that student B has no pending invitations for direct communication from other students. 
10. Examines whether student B participates in a UMCS-ETsession or not. 
Finds that student B participates in a MMCS-ETsession. 
11. Indicates that student B has a pending invitation for direct communication from another student. " 
12. Prompts student B to accept or reject the invitation of student A to engage in direct communication 
with him / her. 
Alternative Courses: 
* Event 3: Student A has started a new MCS-ET session. Taking into account that only a teacher can start a new MMCS-ET session, it is evident that 
the user that initiated the invitation (user A) is a teacher, and not a student. Follow the use case "Invite a student to join a MMCS-ET session" fron, 
event 4 onwards. 
" Event 4: Student A does not participate in a MMCS-ET session. There is a possibility that the user that initiated the invitation (user A) is a teacher, 
and not a student. Follow section "Start a New MMCS-ET Session" (from event 3 onwards) of the use case "Invite a student to join a MMCS-ET 
session". 
" Event 6. - Student B (or generally user B) is already in direct communication with student A. Indicate the error to student A. 
" Event 8: The user that student A wants to invite is not active and / or he / she is a teacher. However, a student can't invite a logged in student or a 
teacher to direct communication. Indicate the error to student A. 
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0 Event 9. Student B has already a pending invitation for direct communication from another student. Therefore, the (current) invitation ftom student A has to be rejected as a student can have only one pending invitation for direct communication. Indicate the error to student A. 
0 Event 10., Student B does not participate in a MMCS-ET session although he / she is active. This can happen when the process for removing student B has started (by the teacher) but not finished yet. Indicate the error to student A. 
5) Use case "A ccept direct communication with a student (active user) ': 
Use Case. Accept direct communication with a student (active user). 
Actors: Two students (one of them is the initiator - the one that replies to the invitation). 
Purpose. Describes the way that a student participating in a MMCS-ET session with another student accepts the establishment of direct 
communication between thern. 
Overview. A student participating in a MMCS-ET session accepts the invitation from another student participating in the same MMCS- 
ET session to engage in direct (text, audio / video, file) communication with him / her. The latter student is informed about the 
decision ofthe former student. On completion, the two students are ready to engage in direct communication with each other. 
Type: Primary and essential. 
Cross References. Service Functions. SF. I. 17, SF. 1.21. 
Use Cases: The students involved in the current use case must have completed the use case 
"Invite a student (active user) to direct communication". 
Typkal Course of Events: 
ActorAction Service Response 
1. Ilis use case begins when a 
student (e. g. student B), partici- 
pating in 
,a 
MMC. 5ý-ET session, 
that - was 'invited to direct 
coMmuniciition by another stu- 
dent (e. g. student A), participating 
in the same MMCS-ET session, 
decides to accept the invitation. 
2. Student B indicates his / her 3. Informs the MMCS-ETprovider profile for the decision of student B to accept the invitation from 
decision to accept the invitation student A. 
from student A- 
4. Examines whether student B participates in a MMCS-ET session or not, by querying the MMCS-ET 
providerproftle. 
Finds that student B participates in a MMCS-ETsession 
S. Locates a list containing information about all the active users with the help of the UMCS-ETsession. 
6. Examines whether student A is active or not, using the active user information list. 
Finds that student A is active. 
7. Locates a list containing information about all the users (teacher, other students) that are in direct 
communication with student B. 
S. Updates the directly communicating user information list that refers to student B with information 
regarding student A. 
9. Indicates that student B has nopending invitations for direct communication from other students. 
10. Locates a list containing information about all the users (teacher, other students) that are in direct 
communication with student A. 
11. Updates the directly communicating user information list that refers to student A with information 
regarding student B. 
12. Informs student A that student B accepted his / her invitation and he / she is now ready to engage in 
direct communication with him / her. 
Alternative Courses: 
" Event 1: Student B decides to reject the invitation for direct communication ftom student A. Indicate the decision of student B to student A. 
" Event & Student A is not active (i. e. he / she does not participate in the MMCS-ET session any more). During the time lapsed between the invitation 
from student A and the response (acceptance) from student B, the teacher removed A from the MMCS-ET session. Indicate the error to student B. 
The acceptance of the invitation from student A isn't yet complete. This fact ensures that student B participates in a MMCS-ET session, as a teacher 
can't remove a student from a MMCS-ET session if there are pending invitations for direct communication (initiated by other students) regarding this 
studenL Therefore, event 4 is not necessary. However, it is included as a means of extra error checking. 
6) Use case "Engage in file communication with an active usef: 
Use Case. Engage in file communication with an active user. 
Actors: Teacher (initiator), student or student (initiator), teacher or two students (one of them is the initiator, the one that sends the 
file) 
Purpose. Describes the way that file communication is realised between two users that participate in the same MMCS-ET session. 
Overview. A user, participating in a MMCS-ET session, sends a file to another user, participating in the same MMCS-ET session. Both 
users am ready to engage in direct communication with each other. On completion, the two users are engaged in file 
communication. 
Type: Primary and essential. 
Cross References: Service Functions: SF. 2.8, SF. 2.9., SF. 2.10. 
Use Cases: The users involved in the current use case must have completed the use case "Join a UMCS-ET se sion fr sa te 
being invited" (when one of them is a teacher and the other is a student) or the use case ", 4ccept direct communication Aqjh a 
student (active user) (when both are students). 
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Typical Course of Events: 
Actor Action Service Response 
1. This use case begins when a user 
(teacher or student, e. g. user A), 
participating in a MMCS-ET 
session, decides to send a file (e. g. 
file F) to another user (teacher or 
student, e. g. user B), participating 
in the same MMCS-ET session. 
Both users are ready to engage in 
direct communication with each 
other. 
2. User A specifies the file F that he 3. Informs the MMCS-ET session that file communication is taking place between users A and B, as 
she wants to send to user B. user A wants to send file F to user B. 
4. Examines whetherfile communication between user A and user B is allowed or not, by querying the 
MMCS-ETsession. 
Finds thatfile communication between user A and user B is allowed. 
S. Transfersthe file F from user A to user B, with the help of the MMCSýETsession- 
6. Examines whether the transfer of file F from user A to user B is completed successfally or notý by 
querying the MMCS-ETsession. 
Finds that the transfer of file F from user A to user B is completed successfully. 
7. Informs user A that he / she sent file F to user B. 
8. Informs user B that user A sent file F to him / her. 
Alternative Courses: 
" Event 4: File communication between user A and user D is not allowed. The reason for this is that direct communication between user A and user B is 
being terminated (see use case "Terminate direct communication between two students (active users)" and use case "Remove a studentfrom a 
MMCS-ETsession"). Indicate the error to user A. I 
" Event 6: The transfer of file F from user A to user B is not completed successfully. One possible reason is that user B is a student who has been 
removed from the MMCS-ET session by the teacher. In this case, indicate the error to user A (the teacher). 
7) Use case "Engage in AIV communication with a student (active userj 
Use Case: Engage in AN communication with a student (active user). 
Actors: Teacher (initiator), student or two students (one of them is the initiator). 
Purpose: Describes the way that AN communication is realised between two users that participate in the same MMCS-ET session. 
Overview. A user participating in a MMCS-ET session initiates the establishment of two AN stream connections with another user 
participating in the same MMCS-ET session. Both users are ready to engage in direct communication with each other. On 
completion, the two users are engaged in AN communication with each other. 
Typ e: Primary and essential. 
Cross References: Service Functions: SF. 1.17., SF. 2.4. 
Use Cases. The users involved in the current use case must have cZmpleted the use case "Join a ET session 
being invi '(when one of them is a teacher and the other is a student) or the use case "AcceDt direct communication with a 
student (active user)' (when both are students. 
Typical Course ofEvents: 
Actor Action Service Response 
This use case begins when a user 2. Informs the MMCS-ET session that AN communication is being established between users A and B, 
(teacher or student, e. g. user A), as user A initiated the related process. 
participating in a MMCS-ET 
session, is ready to engage in 
direct communication with 
another user (a student, e. g. user 
B), participating in the same 
MMCS-ETsession. 
3. Prepares for the binding of the AN streams that will be created between user A and user B, with the 
help of the MMCS-ETsession. 
4. Starts the sinkAlVdevices that are associated with user A and user B. 
5. Starts the source AlVdevices that are associated with user A and user B. 
6. Establishes two AN stream connections between the appropriate source and sink AIV devices of user 
A and user B. 
7. Makes evident to user A that he / she is engaged in ANcommunication with user B. 
8. Makes evident to user B that he / she is engaged in AlVcommunication with User A. 
9. Locates a list containing information about all the active users with the help of the MMCS-ETsession.. 
10. Examines whether user A (who initiated the AIV communication establishment) is a teacher or n? tý, 
using the active user information list. 
11. If user A is a teacher, indicates to user A that he / she is allowed to stop the existing AIV 
communication between users A and B, and indicates to user B that he / she is not allowed to stop the 
existing AIV communication between users A and B. 
12. If user A is a student, indicates to both users A and B that they are allowed to stop the existing 
communication between users A and B. 
Alternative Courses: 
None. 
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8) Use case "Stop AIV communication with a student (active user)': 
Use Case. Stop AN communication with a student (active user). 
Actors. Teacher (initiator), student or two students (one of them is the initiator). 
Purpose. Describes the way that an existing AN communication between two users that participate in the same MMCS-ET session is 
stopped by one of them. 
Overview. A user participating in a MMCS-ET session stops to communicate using audio and video with another user participating in 
the same MMCS-ET session. On completion, the AN communication between the two users is blocked. 
Type: Primary and essential. 
Cross References: Service Functions. SK 1.17, SF. 2.5. 
Use Cases: The users involved in the current use case must have completed the use case 
"Enzage MAN communication with a student (active user) '. 
Typical Course ofEvents. 
- Actor Action I. This use case begins when a user 
(teacher or student, e. g. user Aý 
participating in a MMCS-ET 
session, decides to stop an existing 
AIV communication between him/ 
her and another user (a student, 
e. g. user B), participating in the 
same MMCS-ETsession. 
2. User A indicates his / her decision 
to stop an existing AIV commu- 
nication between him / her and 
user B. 
Alternative Courses. 
Non6. 
Service Response 
3. Infonns the MMCS-ET session that the existing AIV communication between users A and B is being 
stopped from user A. 
4. Stops the sink AlVdevices that are associated with user A and user B. 
5. Stops the source AIV devices that are associated with user A and user B. 
6. Makes evident to user A that the A117communication with user B is stopped. 
7. Makes evident to user B that the AIV communication with user A is stopped. 
S. Locates a list containing information about all the active users with the help of the MMCS-ETsession. 
9. Examines whether user A (who stopped the AIV communication between users A and B) is a teacher 
or not, using the active user information list. 
If user A is a teacher, indicates to user A that he / she is allowed to start the blocked AIV 
communication between users A and B, and indicates to user B that he / she is not allowed to start the 
blocked AIV communication between users A and B. 
If user A is a student, indicates to both users A and B that they are allowed to start the blocked AIV 
communication between users A and B. 
9) Use case "Start -41V communication with a student 
(active user) ': 
Use Case. Start AN communication with a student (active user). 
Actors. Teacher (initiator), student or two students (one ofthern is the initiator). 
Purpose. Describes the way that a blocked AN communication between two users that participate in the same MMCS-ET session is 
started by one of them. 
Overview: A user participating in a MMCS-ET session starts a blocked AN communication between him / her and another user 
participating in the same MMCS-ET session. On completion, the two users are engaged in AN communication with each 
other. 
Typ e. Primary and essential. 
Cross References. Service Functions: SF. 1.17, SF. 2.6. 
Use Cases. The users involved in the current use case must have completed the use case 
"Stop AIV communication with a student (active user) '. 
Typical Course of Events: 
ActorAction Service Response 
1. This use case begins when a user 
(teacher or student, e. g. user Al 
participating in a MMCS-ET 
session, decides to start a blocked 
AN communication between him / 
her and another user (a student, 
e. g. user B), participating in the 
same MMCS-ETsesslon. 
2. User A indicates his/her decision 3. Informs the MMCS-ET session that the blocked. 4/V communication between users A and B is being 
to start a blocked AN commu- started fiDm user A. 
nication between him / her and 
user B. 
4. Starts the sink AlVdevices that are associated with user A and user B. 
5. Starts the source AIV devices that are associated with user A and user B. 
6. Makes evident to user A that the blocked AIV communication with user B is started. 
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Alternative Courses: 
None. 
Makes evident to user B that the blocked AIV communication with user A is started. 
Locates a list containing information about all the active users with the help of the MMCS-ETsession. 
Examines whether user A (who started the blocked AIV communication between users A and B) is a 
teacher or not, using the active user information list. 
If user A is a teacher, indicates to user A that he / she is allowed to stop the existing AIV 
communication between users A and B, and indicates to user B that he / she is not allowed to stop the 
existing AIV communication between users A and B. 
If user A is a student, indicates to both users A and B that they are allowed to stop the existing AIV 
communication between users A and B. 
10) Use case "Terminate AIV communication with a student (active user)": 
Use Case: 
Actors: 
Purpose: 
Operview: 
Typ e: 
Cross References: 
Terminate AN communication with a student (active user). 
Teacher (initiator), student or two students (one of them is the initiator). 
Describes the way that an establisbed AN communication between two users that participate in the same MMCS-ET session 
is terminated by one of them. 
A user participating in a MMCS-ET session terminates an established AN communication between him / her and another user 
participating in the same MMCS-ET session. On completion, the two users can't communicate using audio and video. 
Primary and essential. 
Service Functions: SF. 2.7. 
Use Cases: The users involved in the current use case must have completed the use case 
"Enzage in AN communication with a student (active user)% 
Typical Course of Events: 
ActorAction 
1. This use case begins when a user 
(teacher or student, e. g. user A), 
participating in a MMCS-ET 
session, is terminating an establi- 
shed AIV communication between 
him / her and another user (a 
student, e. g. user B), participating 
in the same MMCS-ETsession. 
Alternative Courses: 
None. 
Service Response 
2. Infonns the MMCS-ETsession that the established AN communication between users A and B is being 
terminated from user A. 
3. Destroys the two AN stream connections that are established between the appropriate source and sink 
AlVdevices of user A and user B. 
4. Makes evident to user A that the AIV communication with user B is terminated. 
S. Makes evident to user B that the AIV communication with user A is tenninated. 
11) Use case "Engage in a chat with all active users": 
Use Case. Engage in a chat with all active users. 
Actors: All active users (teacher, students) - one of them is the initiator (the one that sends the message which is broadcasted). 
Purpose: Describes the way that chat is realised between all the users that participate in the same MMCS-ET session. 
Overview: A user, participating in a MMCS-ET session, sends a (text) message to all the other users, participating in the same MMCS- 
ET session. On completion, all these users are engaged in a chat. 
Typ e: Primary and essential. 
Cross References: Service Functions: SF. 1.17., SF. 3.1., SF. 3.2. 
Use Cases: The users involved in the current use case must have completed the use case "Join a MMCS-ET session after 
beinginvit '(in pairs consisting of the teacher and one of the students each time). 
Typical Course ofEvents. - 
ActorAction Service Response 
1. This use case begins when a user 
(teacher or student, e. g. user A) 
participating in a MMCS-ET 
session, decides to send a (text) 
message (e. g. message M) to all 
the other users, participating in the 
same MMCS-ETsession. 
2. User A specifies the message M 3. Informs the MMCS-ETsession that user A wants to send message M to all the other users. 
that he / she wants to send to all 
the other users. 
4. Examines whether message M indicates the start of a voting process or not, with the help of the 
MMCS-ETsession. 
If message M indicates the start of a votingprocess, initiate use case "start a voting process between 
all active users 
If message M does not indicate the start of a vatingprocess, continues. 
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5. Examines whether message M indicates a vote from a user or not, with the help of the MMCS-ET 
session. 
If message M indicates a vote from a user, initiate use case "Vote in a voting process between all 
active users". 
If message M does not indicate a vote from a user, continues. 
6. Examines the voting activity in the MMCS-ETsession by querying the MMCS-ETsession. 
Finds that there is no voting activity in the MMCS-ETsession. 
7. Locates a list containing information about all the active users with the help of the MUCS-ETsession. 
8. Examines whether user A is active or not, using the active user information list. 
Finds that user A is active. 
9. Examines all the users included in the active user information list. 
For each user in this list (e. g. user X) performs events 10 to 13 ". 
10. Sends the message M from user A to user Y, with the help of the MMCS-ETsession. 
11. Locates a list containing information about all the messages broadcasted recently to all the users that 
participate in the MMCS-ETsession. 7bis list refers to user X 
12. Updates the broadcasted message information list that refers to user X with information regarding the 
message M that user A sent to all the other users. 
13. Informs user X about all the messages broadcasted recently to all the users that participate in the 
MMCS-ETsession, using the broadcasted message information list that refers to user X. 
Alternative Courses. 
" Event 6. There is voting activity in the MMCS-ET session (i. e. a voting process has started). Therefore, chat is not allowed as users have to send their 
vote. Indicate the error to user A- 
" Event 8. User A is not active, because he / she has been removed by the teacher. Therefore, he / she is not allowed to send message M to all the other 
users. 
*1 The active user information list includes also information about user A. Therefore, user X can also be user A. 
12) Use case "Engage in file communication with all students (active users 
Use Case Engage in file communication with all students (active usersý 
Actors: Teacher (initiator), all active students. 
Purpose. Describes the way that file communication is realised between a teacher and all the students that participate in the MMCS-ET 
session that he / she created. 
Overview. A teacher, participating in a MMCS-ET session, sends a file to all the students, participating in the same MMCS-ET session. 
On completion, the teacher is engaged in file communication with all the students. 
Typ e. Primary and essential. 
Cross References. Service Functions: SF. 1.17, SF3.4. 
Use Cases: The users involved in the current use case must have completed the use case "Join a AfMCS-ET session afte 
being invited" (in pairs consisting of the teacher and one of the students each time). 
Typical Course of Events: 
' 
Actor Action Service Response 
1. This use case begins when a 
- teacher, participating in a MMCS- 
- ET session, decides to send a file 
(e. g. file F) to all the students, 
participating in the same MMC5- 
ETsession. 
2. The teacher specifies the file F 3. Informs the MMCS-ETsession that the teacher wants to send file F to all the students. 
that he / she wants to send to all 
the students. 
4. Locates a list containing information about all the active users with the help of the UMCS-ETsession. 
S. Examines all the students included in the active user information list. 
For each student in this list (e. g. student X) performs events 6 to 8. 
6. Transfers the file F from the teacher to user X with the help of the MMCS-ETsession. 
7. Examines whether the transfer of file F from the teacher to student X is completed successfully or not, 
by querying the MMCS-ETsession. 
Finds that the transfer of file F from the teacher to student X is completed successfully. 
8. Informs user x that the teacher sent file F to him / her. 
9. Informs the teacher that he / she sent file F to all the students. 
Alternative Courses: 
Event 7: 71c transfer of file F ftom the teacher to student X is not completed successfully. One possible reason is that student X has been removed 
from the MMCS-ET session by the teacher. In this caw, indicate the crror to the teacher. 
13) Use caSe "Start a Voting process between all active users": 
Use Case. Start a voting process between all active uscrL 
Actors. Teacher (initiatorl all active users. 
Purpose. Describes the way that a teacher can start a voting process between all the users that participate in the same MMCS-ET 
I session. 
Overview. A teacher initiates a voting process between all the users that participate in the MMCS-ET session that he / she created. On 
completion, all users are asked for their vote on a specific matter. 
Type. Primary and essential. 
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Cross References: Service Functions: SF. 1.17., SF. 3.5. 
Use Cases: The users involved in the current use case must have completed the use case "Join a MMCS-ET session after 
being invi '(in pairs consisting of the teacher and one of the students each time). 
Typical Course of Events: 
Actor Action 
1. This use case begins when a 
teacher, participating in a MMCS- 
ET session, decides to start a 
voting process between all the 
users, participating in the MMCS- 
ETsession that he / she created. 
2. The teacher indicates that he / she 
wants to start a voting process 
between all active users, and he / 
she specifies in a message (e. g. 
message M) the subject of the 
votingprocess. 
Service Response 
3. Informs the MMCS-ET session that the teacher wants to start a voting process between all active 
users. 
4. Examines whether message M is a simple me9sage unrelated with the voting process or not, with the 
help of the MMCS-ETsession. 
If message M is a simple message unrelated with the voting process, initiate use case "Enza in a 
chat with all active users'. 
If message M is related with the votingprocess, continues. 
5. Examines whether message M indicates a vote from a user or not, with the help of the MMCS I-ET 
session. 
If message M indicates a vote from a user, initiate use case "Vote in a voting Process between all 
active users' . 
If message M does not indicate a vote from a user, continues. 
6. Examines the voting activity in the MMCS-ETsession by querying the MMCS-ETsession. 
Finds that there is no voting activity in the MMCS-ETsession. 
7. Locates a list containing information about all the active users with the help of the MMCS-ETsession. 
8. Examines whether the teacher is truly a teacher or not, using the active user information list.. 
Finds that the teacher is truly a teacher. 
9. Indicates that there is voting activity in the MMCS-ETsession, with the help ofthe MMCS-ETsession. 
10., Examines all the users included in the active user information list. 
For each user in this list (e. g. user X) performs events II and 12 
11. Sends the message M from the teacher to user X, with the help of the MMCS-ETsessi . on. 
12. Informs user X about message M and the votingprocess that the teacher started. 
Alternative Courses: 
Event 6: There is voting activity in the MMCS-ET session (i. e. a voting process has already started). Therefore, the teacher attempts to start a second 
voting process without waiting for the outcome of the first one. However, this is not allowed. Indicate the error to the teacher. 
Event 8. - The teacher is not truly a teacher (i. e. a student attempted to start a voting process). However, only a teacher is allowed to start a voting 
process between all active users. Indicate the error to the student. 
The active user information list includes also information about the teacher. Therefore, user X can also be the teacher. 
14) Use case "Vote in a voting process between all active users": 
Use Case: Vote in a voting process between all active users. 
Actors: Teacher (initiator) or student (initiator). 
Purpose: Describes the way that a user (teacher or student) participating in a voting process expresses his / her voting 
decision. 
Overview: A user (teacher or student) participating in a voting process started by the teacher, expresses his 
/ her voting decision by 
sending a vote. On completion, the user is informed that his / her vote has been receive& 
Typ e: Primary and essential. 
Cross References: Service Functions: SF. 3.6. 
Use Cases: The user involved in the current use case must have completed the use case "Start a voting Process 
between a 
active users ' together with the teacher. 
Typical Course of Events: 
Actor Action 
1. This use case begins when a user 
(teacher or student, e. g. user A), 
participating in a voting process 
started by the teacher, decides to 
express his / her voting decision. 
2. User A specifies this voting deci- 
sion in a vote which has the form 
of a message (e. g. message M). 
Service Response 
3. Informs the MMCS-ET session that user A specified his / her voting decision in a vote which 
has the 
form of message M. 
4. Examines whether message M is a simple message unrelated with the voting process or notý with the 
help of the MMCS-ETsession. 
If message M is a simple message unrelated with the votingprocess, initiate use case "EnzageEjln a. 
chat with all active users'. 
If message M is related with the votingprocess, continues. 
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S. Examines whether message M indicates the start of a voting process or not, with the help of the MMCS-ETsession. 
If message M indicates the start of a votingprocess, initiate use case "Start a voting, vroress between 
all active use 
If message M does not indicate the start of a votingprocess, continues. 
6. Examines the voting activity in the MMCS-ETsession by querying the MMCS-ETsession. 
Finds that there is voting activity in the MMCS-ETsession. 
7. Extracts the voting decision of user A from his /her vote by examining message K with the help of the 
MMCS-ETsession. 
8. Informs user A that his / her vote is received. 
Alternative Courses. 
0 Event 6., There is no voting activity in the MMCS-ET session (i. e. a voting process has not yet been started). Indicate the error to user A. 
15) Use case "Present the outcome ofa voting process to all the involved active users": 
Use Case. Present the outcome of a voting process to all the involved active users. Actors: Teacher (initiator), all active users. 
Purpose. Describes the way dim all active users patticipating in a voting process learn about its outcome. 
Overview. The teacher requires the calculation of the outcome of the voting process that he / she started and the presentation of this 
outcome to all the involved active users. On completion, the voting process is considered to be finished. 
Typ e. Primary and essential. 
Cress References: Service Functions: SF. 1.17., SF3.7, SF. 3.8. 
Use Cases: The users involved in the current use case must have completed (each of them) the use case 
Vote in a votine process between all active users 
Typical Course of Events: 
Actor Action Service Response 
I. Ilis use case begins when a 2. Infonns the MMCS-ET session that the teacher wants the presentation of the outcome of the voting 
teacher indicates that he / she process that he / she created to all the involved active users. 
wants the presentation of the 
outcome of the voting process 
that he / she created to all the 
involved active users. 
3. Locates a list containing information about all the active users with the help of the MUCS-ETsession. 
4. Examines all the users included in the active user information list. 
For each user in this list, waits for his / her voting decision in a vote. 
5. Calculates the outcome of the voting process started by the teacher, with the help of the MUCS-ET 
session. The outcome has the form of a message (e. g. message M). 
6. Examines all the users included in the active user information list. 
For each user in this Ust (e. g. user X) performs events 7 to 9 *'. 
7. Sends the message M to user X, with the help of the MMCS-ETsession. 
8. Informs user X about the outcome of the voting process that the teacher stafted, with the help of 
message M. 
9. Informs user X that the votingprocess has finished. 
10. Indicates that there is no voting activity in the MMCS-ET session, with the help of the MMCS-ET 
session. 
Alternadve Courses. 
None. 
.1 The active user information list includes also information about the teacher. Therefore, user X can also be the teacher. 
16) Use Case "Terminate direct communication between two students (active users) ': 
Use Case: Terminate direct communication between two students (active usersý 
Actors: Two students (one of them is the initiator - the one that requests the termination). 
Purpose. Describes the termination of direct communication between two students participating in the sum MMCS-ET session, after a 
request ofone ofthern. 
Overview. A student participating in a MMCS-ET session requests the termination of his / her direct (text, audio / video, file) 
communication with another student participating in the same MMCS-ET session. On completion, the two students are not 
engaged any more in direct communication with each other. 
Type. Primary and essential. 
Cross References: Service Functions: SF. 1.23. 
Use Cases: The students involved in the current use case must have completed the use case 
"Accept direct communication with a student (active user)". 
Typical Course of Events: 
Actor Action Service Response 
1. This use case begins when a stu- 
dent (e. g. student A), participating 
in a MMCS-ETsession, decides to 
terminate his / her direct commu- 
nication with another student (e. g. 
student B), participating in the 
same MMCS-ETsession. 
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2. Student A indicates his / her 3. Informs the MMCS-ET session that student A wants to terminate his/her direct communication with 
decision to terminate direct com- student B. 
munication with student B. 
Alternative Courses: 
None. 
4. Informs student B that his / her direct communication with student A is being terminated. 
5. Prevents text communication between student A and student B, with the help of the MMCS-ET 
session. 
6. Prevents file communication between student A and student B, with the help of the MMCS-ET 
session. 
7. Terminates the established AN communication between student A and student B with the help of the 
MMCS-ET session (see / initiate use case "Terminate AIV communication with a student (active 
useff'. 
S. Locates a list containing information about all the users (teacher, other students) that are in direct 
communication with student B. 
9. Removes from the directly communicating user information list that refers to student B, the 
information regarding student A. 
10. Makes evident to student B that his / her direct communication with student A has been terminated. 
11. Locates a list containing information about all the users (teacher, other students) that are in direct 
communication with student A. 
12. Removes from the directly communicating user information list that refers to student A, the 
information regarding student B. 
13. Makes evident to student A that his / her direct communication with student B has been terminated. 
14. Permits text communication between student A and student B, with the help of the MMCS-ETsession. 
15. Permitsfile communication between student A and student B, with the help of the MMCS-ETsession. 
17) Use case "Remove a student from a MMCS-ET session": 
Use Case: Remove a student from a MMCS-ET session. 
Actors. Teacher (initiator), student. 
Purpose: Describes the way that a teacher stops a student from participating in a MMCS-ET session. 
Overview. A teacher removes, from the MMCS-ET session that he / she created, a student who is participating in this MMCS-ET session. 
On completion, the student is not engaged in direct (text, audio / video, file) communication with the teacher, and he / she is 
not a participant of the MMCS-ET session any more. 
Typ e: Primary and essential. 
Cross References: Service Functions: SF. 1.14., SF. 1.17., SF. 1.22., SF. 1.23. 
Use Cases: The users involved in the current use case must have completed the use case 
"Join an existinzMMCS-ETsession afteFbeinzinvit 
Typical Course of Events: 
Actor Action 
1. This use case begins when a 
teacher decides to remove, from 
the MMCS-ET session that he / 
she created, a student (e. g. student 
A) who is participating in this 
MMCS-ETsession. 
2. The teacher indicates his / her 
decision to remove student A from 
the MMCS-ETsession. 
Service Response 
3. Informs the MMCS-ET session that the teacher wants to remove student A from the MMCS-ET 
session. 
4. Examines the voting activity in the MMCS-ETsession by querying the MMCS-ETsession. 
Finds that there is no voting activity in the MMCS-ETsession. 
5. Examines whether student A has a pending invitation (an invitation not answered yet) for direct 
communication from another student. 
Finds that student A has nopending invitations for direct communication from other students. 
6. Indicates that student A does not participate in a MMCS-ETsession. 
7. Informs student A that he / she is being removed from the MMCS-ETsession by the teacher. 
8. Locates a list containing information about all the active users with the help of the MMCS-ET session. . 
9. Removes from the active user information list, the information regarding student A. 
10. Prevents text communication between the teacher and student A, with the help of the MMCS-Er 
session. 
11. Prevents file communication between the teacher and student A, with the help of the MMCS-ET 
session. 
12. Terminates the established AIV communication between the teacher and student A with the help of the 
MMCS-ET session (see / initiate use case "Terminate AN communication with a student (active 
used'. 
13. Locates a list containing information about all the users (teacher, other students) that are in direct 
communication with student A. 
14. Examines all the users included in the directly communicating user information list that, refers to 
student A: 
If a user is a student, initiate use case "Terminate direct communication between students (active 
user: sj". 
If a user is a teacher, removes from the directly communicating user information list that refers to 
student A, the information regarding the teacher. 
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15. Makes evident to student A that he / she is removed from the MMCS-ETsession by the teacher. 
16. Locates the userproftle of student A by querying the MMO-ETproviderprifile. 
17. Changes the status of student A from active to logged in with the help of the userproftle of student A 
in order to signify that student A does not participate in a MMCS-ETsession any more. 
Is. Locates a list containing information about all the students that are in direct communication with the 
teacher. 
19. Removes fiom the directly communicating user information list that refers to the teacher, the 
information regarding student A. 
20. Makes evident to the teacher that student A is removed from the MMO-ETsession. 
21. Permits text communication between the teacher and student A, using the MMCS-ETsession. 
22. Permitsfile communication between the teacher and student A, using the UMCS-ETsession. 
Alternative Courses. 
Event 4. There is voting activity in the MMCS-ET session, because either voting is not finished or users are not informed of the voting results. 
However, the teacher is not allowed to remove a student from a MMCS-ET session when there is voting activity in this MMCS-ET session. Indicate 
the error to the teacher. 
Event 5: Student A has a pending invitation for direct communication from another student. However, a teacher is not allowed to remove a student 
from a MMCS-ET session if there are pending invitations for direct communication (initiated by other students) regarding this student. Indicate the 
error to the teacher. 
18) Use case "Terminate a MMCS-ET session": 
Use Case: Terminate a MMCS-ET session. 
A ctors: Teacher (initiator). 
Purpose: Describes the termination of an educational / training session by a teacher. 
Overview A teacher terminates the MMCS-ET session that he / she created. On completion, all the students that were participants of the 
MMCS-ET session are removed and the teacher is ready to start a new MMCS-ET session. 
Typ e. Primary and essential. 
Cross References: Service Functions. SF. l. 14., SF. l12., SF. l. 24. 
Use Cases. Ile teacher involved in the current use case must have completed the use case 
"Start a New MMCS-ETSession". 
Typical Course of Events: 
ActorAction Service Response 
1. T'his use case begins when a 
teacher decides to terminate the 
session that he / she created 
(current MMCS-ETsession). 
2. Ile teacher indicates his / her 3. Locates a list containing information about all the students that are in direct communication with the 
decision to terminate the current teacher. 
MMCS-ETsession. 
4. Examines all the students included in the directly communicating user information list that refers to 
the teacher. 
For each student, initiate use case "Remove a student from a MMCS-ETsession". 
S. Destroys the MMCS-ETsession that was created by the teacher (current MMCS-ETsession). 
6. Indicates that the teacher does not participate in a MMCS-ETsession. 
7. Indicates that the teacher has not started a new MMCS-ETsession. 
S. Locates the userproftle of the teacher by querying the MMCS-ETproviderprifile. 
9. Changes the status of the teacher from active to logged in with the help of the user projile of the 
teacher in order to signify that the teacher is ready to start a new MMCS-ETsession. 
10. Informs the teacher that the current MMCS-ETsession is being terminated. 
11. Makes evident to the teacher that the current MMCS-ETsession is terminated. 
Alternative Courses: 
None. - 
19) Use case "Terminate the MMCS-ET service": 
Use Case: Terminate the MMCS-ET service. 
Actors: Teacher (initiator) or student (initiator). 
Purpose: Describes the way that a user (teacher or student) can terminate the MMCS-ET service. 
Overview. A user (teacher or student) terminates the MMCS-ET service that he / she wanted to use when he / she logged in to the 
MMCS-ET provider domain. On completion, the user is ready to start again the MMCS-ET service. 
Type. Primary and essential. 
Cross References., Service Functions: SF. I. 16., SF. 115. 
Use Cases: The user involved in the current use case must have completed the use case 
"Loz in to the MMCS-ET Provider domain". 
Typical Course of Events: 
ActorAction 
1. This use case begins when a user 
(teacher or student) decides to 
terminate the MMCS-ET service 
that he / she started. 
Service Response 
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2. The user (e. g. user A) indicates 3. Locates the MMCS-ETservice profile by querying the MMCS-ETproviderproftle. 
his / her decision to terminate the 
MMCS-ET service. 
4. Locates a list containing information about all the logged in users with the help of the MMCS-ET 
service profile. 
S. Removes from the logged in user information list, the information regarding user A. 
6. Destroys the userproftle of user A. 
7. Informs the MMCS-ETproviderproftle that the MMCS-ET service is being terminated. 
S. Informs user A that the MMCS-ET service is being terminated. 
9. Makes evident to user A that the MMCS-ET service is terminated. 
Alternative Courses: 
None. 
The use case diagram of the MMCS-ET (activity 2) can be seen in Figure 5.6. and the main service 
conceptual model of the MMCS-ET (step 4, activity 3) in Figure 5.7. The service concepts of the main 
service conceptual model of the MMCS-ET, together with their attributes, are depicted in Figure A. I. The 
ancillary service conceptual models of the MMCS-ET (step 5, activity 3) can be seen in Figure 5.8. 
User MMCS-ET MMCS-ET User Profile 
ServiceName: String Provider Profile Service Proffle 
UserName: String ServIceName: String UserName: String 
SessionCreation. FirstNarne: String 
SessionParticipation, Sumame: String 
DCPendinglnvitation: Role: RoleType 
Boolean Status-StatusTYpe 
User Security Catalog User Security Logged-in User MMCS-ET Session 
Information Information 
UserName: String UserName: String VoringActivity: Boolean 
Password: String 
FirstName: String 
Surnama: String 
Role: RoleType 
Active User User Subscription User Subscription Directly Communicating 
Information Information Catalog User information 
UserName: String UserName: String UserName: String 
Rde: RdeType FirstName. String Role: RoleType 
Surname: StrIng 
Text Communication Audio I Video Exchanged 
Message 
File Communication Communication Information 
PermitText PermitFile message: String 
Communication: Boolean Communicafion: Boolean SenderString 
PreventUserl. String PreventUserl: String 
ProventUser2*. String PreventUser2: SWg 
Chat Facility Broadcasted Message Voting or Information 
Mossage: Stdng Outoome: OutcomeType 
Sender: String CounterYwIntager 
CotinterNo: lnteger io Video Device 
TotahInteger 
Edic 
Figure A. l.: The main service concepts of the MMCS-ET and their attributes. 
The service sequence diagrams (activity 4) that are created for the typical course of events of each one of 
the MMCS-ET use cases (except from the service sequence diagrams for the target use cases which are 
depicted in Figure 5.9. ), can be seen in Figure A. 2. 
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Figure A. 2.: Service sequence diagrams of the MMCS-ET. 
The service operation contracts (activity 5) of the service operations suggested by the MMCS-ET use 
cases are the following (except from those corresponding to the target use cases, see Section 5.2.1.3. ): 
1) For service operation "StartService": 
Name. StartService(ServiceName: String) 
Responsibilities: Contact the MMCS-ET provider domain and prepare the MMCS-ET service for use. 
Typ e. MMCS-ET. 
Cross References. Servicefunctions: SF. I. I 
Use Case: "Contact the MMCS-ET provider domain". 
Notes: 
Erceptions: 
Output. 
Pre-conditions: -A user (teacher or student) decided to start a MMCS-ET service. 
-The user specified the name of the service (MMCS-EI) that he / she wanted to start. 
Post-conditions. 
-A User (corresponding either to a teacher or a student) and a MMCS-ETProviderProfile have been created (instance creation). 
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" The User was associated with the MMCS-ETProviderProftle (associationformed). 
"A MMCS-EYServiceProfile was already created (instance creation). 
" The MMCS-ETProviderProftle was associated with the MMCS-ETServiceProftle (associationformed). 
" Interaction with the user was prepared (user interface activation). 
2) For service operation "LO In": P, - 
Name: Logln(UserName: String, Password: String) 
Responsibilities: Log in to the MMCS-ET provider domain by specifying an appropriate user name and password. 
Typ e: MMCS-ET. 
Cross References: Servicefunctions: SF. I. 2., SF. I. 3., SFIA, SF. I. 5., SFIA, SF. I. 7., SF. I. 8., SF. 1.16. 
Use Case: "Log in to the MMCS-ET provider domain". 
Notes: - Use a catalog containing security information about potential users of the MMCS-ET service. 
- Use a list containing information about all the logged in users. 
Exceptions. -If the user security information catalog does not contain the user name specified by the user, indicate that it was an error. 
-If the user security information catalog does not contain the given password or the given password is contained in the user 
security information catalog but it does not cortespond to the given name, indicate that it was an error. 
Output., 
Pre-conditions: -A user (teacher or student) started a MMCS-ET service. 
-The user decided to log in, in order to be able to use the MMCS-ET service. 
- The user specified his / her user name and the con-esponding password (security information). 
Post-conditions: 
" The User (corresponding either to a teacher or a student) was associated with the MMCS-ETProviderProftle (associationformed). 
" The UMCS-ETProviderProftle was associated with the MMCS-ETServiceProftle (associationformed). 
"A UserSecurityCatalog was created (instance creation). 
" The MMCS-ETServiceProfile was associated with the UserSecurityCatalog (associationformed). 
" The UserSecurityCotalog was associated with UserSecurityInformation, based on the satisfaction of the following conditions (associationformed). 
-The user name specified by the user was already in the UserSecurityCatalog. 
-The password specified by the user was already in the VserSecurityCatalog and corresponded to the user name that was also specified by the user. 
"A UserProftle (corresponding either to the teacher or the student) was created (instance creation). 
" The MMCS-ETProviderProftle was associated with the UserProfile (association creation). 
" The MMCS-ETServiceProftle was associated with LoggedinUserinformation regarding the user thatjust logged in (associationformed). 
e Interaction with the user was prepared (user interface activation). 
3) For service operation "StartSession": 
Name: StartSessiono 
Responsibilities: Start a new educational / training session (MMCS-ET session). 
Typ e: MMCS-ET. 
Cross References: Servicefunctions: SFAX, SF. I. 10., SF. I. 12., SIF. I. B., SF. I. 14., SF. I. 17., SF. I. 18. 
Use Case: "Start a new MMCS-ET session". 
Notes. -Use a catalog containing subscription information about all the users that are subscribers of the MMCS-ET service. 
-Use a list containing information about all the users that participate in a MMCS-ET session (active users). 
Exceptions: - If the user that attempts to start a new MMCS-ET session is not a teacher, indicate that it was an error. 
- If the teacher that attempts to start a new MMCS-ET session is already an active user, indicate that it was an error. 
- If this teacher is not a subscriber of the MMCS-ET service, indicate that it was an error. 
Output., 
Pre-conditions: -A teacher logged in to the MMCS-ET provider domain. 
-The teacher indicated that he / she wanted to start a new MMCS-ET session. 
Postýconditions: 
" The User (corresponding to the teacher) was associated with the MMCS-ETProviderProftle, based on the confirmation that 
User. SessionParticipation was already set to false (associationformed). 
" The AfMCS-ETProviderProfile was associated with the UserProfile (corresponding to the teacher) (associationformed). 
"A UserSubscriptionCatalog was created (instance creation). 
" The UserProfile was associated with the UserSubscription Catalog, based on the satisfaction of the following conditions (associationforined): 
- UserProftle. Role was already set to teacher. 
- UserProfile. Status was already set to logged in. 
" The UserSubscription Catalog was associated with UserSubscriptionInformation, based on the confirmation that the teacher was (at that tirne) a 
subscriber of the MMCS-ET service (associationformed). 
"A AfMCS-ETSession was created (instance creation). 
" The UserProftle was associated with the MMCS-ETSession (associationformed). 
" AfMCS-MotingActivity was set to false (attribute modification). 
" The MMCS-ETSession was associated with AciiveUserInformation regarding the teacher that just started the MMCS-ET session (association 
formed). 
" TextCommunication was created (instance creation). 
41 The MMCS-ETSession was associated with TextCommunication (associationformed). 
" TextCommunication. PermitTextCommunication was set to true (attribute modification). 
" TextCommunication. PreventUserl was set to null (attribute modification). 
" TexiCommunication. PreventUser2 was set to null (attribute modification). 
" FileCommunication was created (instance creation). 
" The MMCS-ETSession was associated with FileCommunication (associationformed). 
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" FileCommunicatioiLPermitFileCommunication was set to true (attribute modification). 
" FileCommunication. PreventUserl was set to null (attribute modification). 
" FiIeCommunication. PreventUser2 was set to null (attribute modification). 
0,4udiorideoCommunication was created (instance creation). 
" I'lie MUCS-El"Session was associated withAudio VideoCommunication (associationjormed). 
"A StreamBinder was created (instance creation). 
eAudio VdeoCommunication was associated with the StreamBinder (associationformed). 
"A ChatFacility was created (instance creation). 
" Voting was created (instance creation). 
" The MMCS-ETSession was associated with Voting (associationjormed). 
" Voting. Total was set to 0 (altribute modification). 
" Voting. CounterYes was set to 0 (attribute modification). 
" Poting-CounterNo was set to 0 (attribute modification). 
" UserProftle. Siatus was set to active (attribute modification). 
" The User was associated with the MMCS-ElSession (associationformed). 
" User. SessionCreafion was set to true (attribute modification). 
" User. SessionParticipation was set to tnic (attribute modification). 
4) For service operation "InviteDCStudenf': 
Name: InviteDCStudent(DestStName: String) 
Responsibilities. Invite another student participating in the same MMCS-ET session to direct (text, audio / video, and file) communication. 
Type. MMCS-ET. 
Cross References. Servicefunctions: SF. I. 12., SF. I. 13., SF. 1.20. 
Use Case: "Invite a student (active user) to direct communication". 
Notes: -Use alistcontaining information about all theusersthatare indirect communication with aspecificuser. 
-Use a list containing information about all the users that participate in a MMCS-ET session (active users). 
Exceptions: - If student B is already in direct communication with student A, indicate that it was an error. 
- If the user that student A wants to invite is not active and / or he / she is a teacher, indicate that it was an error. 
- If student B has already a pending invitation for direct communication from another studcru, indicate that it was an error. 
- If student B does not participate in a MMCS-ET session although he / she is active, indicate that it was an error. 
Outputi 
Pre-conditions: One student (e. g. student A) joined a MMCS-ET session after being invited by a teacher. 
-Another student (e. g. student B)joined the same MMCS-ET session after being invited by the same teacher. 
- Student A decided to invite student B to direct communication. 
- Student A specified the user name of student B. 
Post-conditions. 
" The Us- (corresponding to student A) was associated with the MMO-ETProviderProfile (-sociationformed). 
" This User was associated with the MMCS-EYSession, based on the satisfaction of the following conditions (assoclationformed): 
-ý User. SessionCreation was already set to false. 
-7 User. SessionParticipation was already set to true. 
- Student B is not in direct communication with student A. 
The MMCS-Mession was associated with ActiveUserInformation, based on the satisfaction of the following conditions (associationformed): 
- Ile user that student A wanted to invite was active. 
-The user that student A wanted to invite was a student. 
e 71c MMCS-ETSession was associated with the User (corresponding to student B), based on the satisfaction of the following conditions (association 
jor-ed)ý 
User. DCPendingInvitation was already set to false. 
User. SessionParticipation was already set to true. 
* User. DCPendinglnvitation (corresponding to student B) was set to true (attribute modification). 
e Interaction with student B was Prepared (user interjace activation). 
5) For service operation "AccgROCInvitation": 
Name. * , AcccptDClnvitation(SourceStName: String) Responsibilities. Accept the invitation from another student participating in the same MMCS-ET session to engage in direct (text, audio / video, 
file) communication with him / her. 
Typ e. MMCS-ET. 
Cross References. Servicefunctions: SF. 1.17., SF. 1.2 1. 
Use Case., "Accept direct communication with a student (active usery' 
Notes: -Use a list containing information about all the users that participate in a MMCS-ET session (active users). 
Use a list containing information about all the users that are in direct con-anunication with a specific user. 
Exceptions: If student A is not active, indicate that it was an error. 
Output., 
--I Pre-conditions: - One student (e. g. student A) invited another student (e. g. student B) to direct communication with him / her. 
- Student B decided to accept the invitation from student A. 
- Student B indicated his / her decision to accept the invitation fi-om student A. 
Post-conditions. 
e The User (corresponding to sbudent B) was associated with the MMCS-ETPrvviderPrqfltIe (associationjormed). 
e This User was associated with the MMCS-Mession, based on the confinnation that User. SessionParticipation was already set to true (association 
formed). 
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" The MMO-ETSession was associated with ActiveUserInformation, based on the confirmation that student A was still active (associationformed). 
" The User (corresponding to student B) was associated with DirectlyCommunicatingUser-Informafion regarding student A (associationformed). 
" User. DCPendinglnvitation (corresponding to student B) was set to false (attribute modification). 
" Interaction with student B was prepared (user interface activation). 
" The MMCS-ETSession was associated with the User (corresponding to student A) (associationforme4 
" This User was associated with DirectlyCommunicatingUserInformation regarding student B (associationformed). 
" Interaction with student A was prepared (user interface activation). 
6) For service operation "EngageRleCom": 
Name: EngageFileCom(DcstUserName: String, FileName: String) 
Responsibilities. Send a file to another user participating in the same MMCS-ET session. 
Typ e. MMCS-ET. 
Cross References: Servicefunctions: SF. 2.8., SF. 2.9., SF. 2.10. 
Use Case: "Engage in file communication with an active user". 
Notes: 
Exceptions: - If file communication between user A and user B is not allowed, indicate that it was an error. 
- If the transfer of file F from user A to user B is not completed successfully, indicate that it was an error. 
Output. 
Pre-conditions. -Two users participated in the same MMCS-ET session and were ready to engage in direct communication. 
- One of the users (teacher or student, e. g. user A) decided to send a file (e. g. file F) to the other user (teacher or studentý e. g. 
user B). 
-User A specified the file F that he / she wanted to send to user B. 
Post-conditions: 
" The User (corresponding to user A) was associated with the MMCS-ETSession (associationformed). 
" The MMCS-ETSession was associated with the User (corresponding to user B), based on the confirmation that file communication between users A 
and B is allowed (associationformed). 
" The MMCS-ETSession was associated with FileCommunication (associationjormed). 
" Interaction with user A was prepared (user interface activation). 
" Interaction with user B was ptepared (user interface activation). 
7) For service operation "EngagLA VCom": 
Name: EngageAVCom(DestUserName: String) 
Responsibilities: Initiate the establishment of two A/V stream connections with another user participating in the same MMCS-ET session. 
Typ e: MMCS-ET. 
Cross References: Servicefunctions: SF. I. 17., SF. 2.4. 
Use Case: "Engage in AN communication with a student (active user)". 
Notes: Use a list containing information about all the users that participate in a MMCS-ET session (active users). 
Exceptions. 
Output: 
Pre-conditions: A user (teacher or student, e. g. user A), that was participating in a MMCS-ET session, wis ready to engage in direct 
communication with another user (teacher or student, e. g. user B), that was participating in the same MMCS-ET session. ý 
Post-conditions: 
e The User (corresponding to user A) was associated with the MMCS-ETSession (associationformed). 
" The MMCS-ETSession was associated with Audio VideoCommunication (associationformed). 
" Audio VideoCommunication was associated with the StreamBinder (associationformed). 
" An A udio VideoDevice (corresponding to the source AN device of user A) was created (instance creation). 
" An Audio VideoDevice (corresponding to the sink AN device of user B) was created (instance creation). 
" An Audio VideoDevice (corresponding to the source AN device of user B) was created (instance creation). 
" An Audio VideoDevice (corresponding to the sink AN device of user A) was created (instance creation). 
*The StreamBinder was associated with the Audio VideoDevice (corresponding to the source AN device of user A) (associationformed). 
" The StreamBinder was associated with the Audio VideoDevice (corresponding to the sink AN device of user B) (associationformed). 
" The StreamBinder was associated with the Audio VideoDevice (corresponding to the source AN device of user B) (associationformed). 
" The StreamBinder was associated with the Audio VideoDevice (corresponding to the sink AN device of user A) (associationformed). 
" The MMCS-ETSession was associated with ActiveUserinformation regarding user A (associationformed). 
" Interaction with user A was prepared (user interface activation). 
" The MMCS-ETSession was associated with the User (corresponding to user B) (associationformed). 
41 Interaction with user B was prepared (user interface activation). 
8) For service operation "StopA VCom ': 
Name: StopAVCom(DestUserName; String) 
MMCS-ET session. Responsibilities: Stop to communicate using audio and video with another user participating in the same 
Typ e: MMCS-ET. 
Cross References: Servicefunctions: SF. I. 17., SF. 2.5. 
Use Case: "Stop A/V communication with a student (active user)". 
Notes: Use a list containing information about all the users that participate in a MMCS-ET session (active users). 
Exceptions. 
Output., 
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Ale-conditions: -A user (teacher or student, e. g. user A), that was participating in a MMCS-ET session, was engaged in AN communication 
with another user (teacher or student, e. g. user B), that was participating in the same MMCS-ET session. 
- User A decided to stop the AN communication between him / her and user B. 
- User A indicated his / her decision to stop the AN communication between him / her and user B. Post-conditions. 
711'e User (corresponding to user A) was associated with the MMCS-Mession (associationjormed). 
The MMCS-ETSession was associated with AudionsdeoCommunication (associationformed). 
Audio VideoCommunication was associated with the StreamBinder (associationformed). 
Ile StreamBinder was associated with the A udio FlideoDevice (corresponding to the source AN device of user A) (associationformed). 
The StreamBinder was associated with the A udio FlideoDevice (corresponding to the sink AN device of user B) (associationjormed). 
The StreamBinder was associated with the A udio VideoDevice (corresponding to the source AN device of user B) (associationjormed). 
Ile StreamBinder was associated with the A udio VideoDevice (corresponding to the sink AN device of user A) (associationformed). 
" Ile MMCS-ETSession was associated with A ctive Userinformation regarding user A (associationformed). 
" Interaction with user A was prepared (user interjace activation). 
" The MMCS-Mession was associated with the User (corresponding to user B) (associationformed). 
" Interaction with user B was prepared (user interface activation). 
9) For service operation "StartA VCom": 
Name. StartAVCom(DestUserName: String) 
Responsibilities. Start a blocked AN communication with another user participating in the same MMCS-ET session. 
Typ e: ' MMCS-ET. 
Cross References: Servicefunctions: SF. 1.17, SF. 2.6. 
Use Case. "Start AN communication with a student (active user)". 
Notes. Use a list containing information about all the users that participate in a MMCS-ET session (active users). 
Exceptions: 
output. 
Pre-conditions: -A user (teacher or sttident, e. g. user A), that was participating in a MMCS-ET session, stopped the AN communication with 
another user (a student, e. g. user BI that was participating in the same MMCS-ET session. 
User A decided to start the blocked AN communication between him / her and user B. 
-User A indicated his / her decision to start the blocked AN communication between him / her and user B. 
Post-conditions. 
" 7le User (corresponding to user A) was associated with the MMCS-Mession (associationjormed). 
" The MMCS-ETSession was associated with AudioNsdeoCommunication (associationformed). 
" Audio VideoCommunication was associated with the StreamBinder (associationjormed). 
" The StreamBinder was associated with the Audio VideoDevice (corresponding to the source AN device ofuser A) (associationformed). 
" The StreamBinder was associated with the Audio; rideoDevice (corresponding to the sink AN device ofuser B) (associationformed). 
" The StreamBinder was associated with the Audio; -IdeoDevice (corresponding to the source AN device of user B) (associationformed). 
a The StreamBinder was associated with theAudiondeoDevice (corresponding to the sink AN device ofuser A) (associationformed). 
" The MMCS-Mession was associated with ActiveUserInformation regarding user A (associationformed). 
" Interaction with user A was prepared (user interface activation). 
" The MMCS-Mession was associated with the User (corresponding to user B) (associationformed). 
" Interaction with user B was prepared (user interface activation). 
10) For service operation "TerminateA VCom": 
Name: TerrainateAVCom(DestUserNamc: String) 
Responsibilities. Terminate an established AN communication with another user participating in the same MMCS-ET session. 
Type. MMCS-ET. 
Cross References: Servicefunctions: SF. 2.7. 
Use Case. ý "Terminate AN communication with a student (active userr. 
Notes. 
Exceptions. 
Output., 
Pre-condhions: -A user (teacher or student, e. g. user A), that was participating in a MMCS-ET session, was engaged in AN communication 
with another user (a student e. g. user 13), participating in the same MMCS-ET session. 
-The established AN communication between user A and user B is to be terminated. 
Post-conditions: 
" The User (corresponding to user A) was associated with the MMCS-ETSessiOn (associationformed). 
" The MMCS-Mession was associated with. 4udio rideoCommunication (associationformed)- 
oAudioKideoCommunication was associated with the StreamBinder (associationformed). 
o An Audio videoDevice (conesponding to the source AN device of user A) was destroyed (instance deletion). 
" The SireamBinder destroyed the association with the Audio VideoDevice (corresponding to the source AN device of user A) (association broken). 
" An Audio VideoDevice (corresponding to the sink AN device of user B) was destroyed (instance deletion). 
" The StreamBinder destroyed the association with the Audio P'IdeoDevice (corresponding to the sink AN device of user B) (association broken). 
" An Audio VideoDevice (corresponding to the source AN device of user B) was destroyed (instance deletion). 
" The StreamBinder destroyed the association -aith theAudiorideoDevice (corresponding to the source AN device of user B) (association broken). 
" An Audio VideoDevice (corresponding to the sink AN device of user A) was destroyed (instance deletion). 
o Tle StreamBinder destroyed the association with theAudioKdeoDevice (corresponding to the sink AN device of user A) (association broken). 
o Interaction with user A was prepared (user interface activation). 
o The MMCS-Mession was associated with the User (corresponding to user B) (associationformed). 
o Interaction with user B was prepared (user interface activation). 
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11) For service operation "EngageCha 
Name: EngageChat(Message: String) 
Responsibilities. Send a (text) message to a the (other) users participating in the same MMCS-ET session. 
Typ e: MMCS-ET. 
Cross References: Servicefunctions: SF. 1.17., SF. 3. L, SF. 3.2. 
Use Case: "Engage in a chat with all active users". 
Notes: - Use a list containing information about all the users that participate in a MMCS-ET session (active users). 
-Use a list containing information about all the messages broadcasted recently to all the users that participate in a MMCS-ET 
session. 
Exceptions: - If there is voting activity in the MMCS-ET session, indicate that it was an error. 
- If user A is not active, indicate that it was an error. 
Output. 
Pre-conditions: -A number of users participated in the same MMCS-ET session, and were engaged in direct communication with each other. 
- One of the users (teacher or student, e. g. user A) decided to send a (text) message (e. g. message M) to all the other users. 
- User A specified the message M that he / she wanted to send to all the other users. 
Post-conditions: 
- Message M did not indicate a vote or the start of a voting process. 
" The User (corresponding to user A) was associated with the MMCS-ETSession (associationformed). 
" The MMCS-ETSession was associated with, 4ctiveUserInformation, based on the confirmation that user A was still active (associationformed). 
" The MMCS-ETSession was associated with the ChatFacility, based on the confirmation that MMCS-ETSession. VotingActivity was already set to false 
(associationformed). 1, -ý, ., - Iý%. " The ChatFacility was associated with ActiveUserInformation regarding each user (e. g. user X) that was active in the MMCS-ET session (associatio'n 
formed). 
" The MMCS-ETSession was associated with the User (corresponding to user X) (associationformed). 
" This User was associated with Broadcastedmessagelnformation regarding message M (associationformed). 
" Interaction with user X was prepared (user interface activation). 
12) For service operation "EnzqgeRleC6mAIP': 
Name: EngageFileComAll(FileName: String) 
Responsibilities: Send a file to all the students participating in a MMCS-ET session. 
Typ e: MMCS-ET. 
Cross References. Servicefunctions: SF. I. 17., SF. 3.4. 
Use Case: "Engage in file communication with all students (active users)". 
Notes: Use a list containing information about all the users that participate in a MMCS-ET session (active users). 
FExceptions. If the transfer of file F from the teacher to each one of the students is not completed successfully, indicate that it was an error. 
Output. ý 
Pre-conditions: -A number of users participated in the same MMCS-ET session, and were engaged in direct communication with each other. 
-The teacher decided to send a file (e. g. file F) to all the students. 
-The teacher specified the file F that he / she wanted to send to all the students. 
Post-conditions. 
" The User (corresponding to the teacher) was associated with the MMCS-ETSession (associationformed). 
" The MMCS-ETSession was associated with FileCommunication (associationformed). 
" FileCommunication was associated with ActiveUserInformation regarding each student (e. g. student X) that was active in the MMCS-ET session 
(associationformed). 
" The MMCS-ETSession was associated with the User (corresponding to student X) (associationformed). 
" Interaction with user X was prepared (user interface activation). 
" Interaction with the teacher was prepared (user interface activation). 
13) For service operation "StartVotine': 
Name: StartVoting(VotingSubject: String) 
Responsibilities: Start a voting process between all the users that participate in a MMCS-ET session. 
Typ e. MMCS-ET. 
Cress References: Servicefunctions: SF. I. 17., SF. 3.5. 
Use Case: "Start a voting process between all active users". 
Notes: Use a list containing information about all the users that participate in a MMCS-ET session (active users). 
Exceptions: - If there is already voting activity in the MMCS-ET session, indicate that it was an error. 
- If the teacher is not truly a teacher, indicate that it was an error. 
Output., 
Pre-conditions: -A number of users participated in the same MMCS-ET session, and were engaged in direct communication with each other. 
- The teacher decided to start a voting process between all the users. 
-The teacher specified in a message (e. g. message M) the subject of the voting process. 
- Message M did not indicate a vote or a simple message unrelated with the voting process. 
Post-conditions: 
e The User (corresponding to the teacher) was associated with the MMCS-ETSession (associationformed). 
" The MMCS-ETSession was associated with Active UserInformation, based on the confirmation that the teacher was truly a teacher (association 
formed). 
" The MMCS-ETSession was associated with Voting, based on the confirmation that MMCS-Mession. VotingActivity was already set t0 false 
(associationformed). 
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" MMCS-Mession. VotingAclivity was set to bw (attribute modification). 
" Voting was associated with ActiveUserInformation regarding each user (e. g. user X) that was active in the MMCS-ET session (associationformed). 
" The MMCS-ETSession was associated with the User (corresponding to user X) (associationformed). Interaction with user X was prepared (user interface activation). 
14) For service operation "Vote': 
Na m e., Vote(VotingDecision: String) 
Responsibilities. Express a voting decision by sending a vote. 
Type. MMCS-ET. 
Cross References: Servicefunctions: SF. 3.6. 
Use Case. ý "Vote in a voting process between all active usee. Notes: -. -, - Exceptions: If there is no voting activity in the MMCS-ET session, indicate that it was an error. 
Output: 
* - 
, Pre-conditions: . -A teacher started a voting process between all the users that were participating in a MMCS-ET session. 
-One of these users (teacher or student, e. g. user A) decided to express his/her voting decision. 
- User A specified his / her voting decision in a vote which had the form of a message (e. g. message M). 
- Message M did not indicate the start of a voting process or a simple message unrelated with the voting process. Post-conditions. 
" Ile User (corTesponding to user A) was associated with the MMCS-ETSession (-sociatiOnfOrmed). 
" Ile MMCS-Enession was associated with Voting, based on the confirmation that MMCS-Mession. VotingActivity was already set to true (associationformed). 
" Voting. Total was increased by I (attribute modification). 
" Voting. CounterYes was increased by I or Voting. CounterNo was increased by I (attribute modification). 
" Interaction with user A was Prepared (user interface "tivation). 
15) For service operation "PresentVotingOutcome": 
Nýme: PresentVotingOutcomeo 
Responsibilities. Calculate the outcome of a voting process and present it to all the involved active users. 
Type. MMCS-ET. 
Cross References: Servicefunctions: SF. 1.17, SF. 3.7, SF-3.8. 
Use Case: "Present the outcome of a voting process to all the involved active users% 
Notes. Use a list containing information about all the users that participate in a MMCS-ET session (active users). 
Exceptions: 
Output. ,- Pre-conditions. -A teacher started a voting process between all the users that were participating in a MMCS-ET session. 
Each of these users expressed his / her voting decision by sending a vote. 
-The teacher indicated that he / she wanted the presentation of the outcome of the voting process to all the involved users. 
Post-conditions: 
" The User (corresponding to the teacher) was associated with the MMCS-EYSession (associationjormed). 
" Ile MMCS-ETSession was associated with Voting (associationformed). 
" Voting was associated withActiveUserInformation regarding each user (e. g. user X) that was active in the MMCS-ET session (assoclationformed). 
" The MMCS-ElSession was associated with the User (corresponding to user X) (associationformed). 
" Interaction with user X was prepared (user interface activation). 
" MMCS-E2"Session. Fating4clivity was set to false (attribute modification). 
" Voting. Total was set to 0 (attribute modification). 
" Voting. Counteryes was set to 0 (attribute modification). 
eý "ting. CounterNo was set to 0 (attribute modification). 
16) For service operation "TerminateDC': 
-II 
Name: TerminateDC(DesLStName: String) 
ResponsibiUdes. Terminate direct (text, audio/ video, file) communication with another student participating in the same MMCS-ET session. 
Typ e: MMCS-ET. 
Cross References: Servicefunctions: SF. 113. 
Use Case: "Terminate direct communication between two students (active users)". 
Notes. Use a list containing information about all the users that am in direct communication with a specific user. 
Exceptions. 
Output. -' *- 
Pre-conditions: -Two students (e. g. students A and B) were engaged in direct communication. 
- Student A decided to terminate his / her direct communication with student B. 
- Student A indicated his / her decision to terminate his / her direct communication with student B. 
Post-conditions: 
" The User (corresponding to student A) was associated with the MMCS-EYSession (associationformed). 
" Ile MMCS-Mession was associated with the User (corresponding to student B) (associationformed). 
-9 Interaction with student B was prepared (user interface activation). 
" The MMCS-Mession was associated with TextCommunication (associationformed). 
" TexiCommunication. PerynitTextCommunication was set to false (attribute modification). 
" TextCommunication. PreventUserl was set to the user name of student A (attribute modification). 
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" TextCommunication. PreventUser2 was set to the user name of student B (attribute modification). 
" The MMCS-ETSession was associated with FileCommunication (associationformed). 
" FileCommunication. PermitFileCommunication was set to false (attribute modiji'cation). 
" FileCommunication. PreventUserl was set to the user name of student A (attribute modification). 
" FileCommunication. PreventUser2 was set to the user name ofstudent B (attribute modification). 
" The MMCS-ETSession was associated with Audio VideoCommunication (associationformed). 
" Audio VideoCommunication was associated with the StreamBinder (associationformed). 
" An A udio VideoDevice (corresponding to the source AN device of student A) was destroyed (instance deletion). 
" The StreamBinder destroyed the association with the A udio VideoDevice (corresponding to the source AN device of student A) (association broken). 
" An Audio VideoDevice (corresponding to the sink AN device of student B) was destroyed (instance deletion). .I 
" The StreamBinder destroyed the association with the A udio VideoDevice (corresponding to the sink AN device of student B) (association, broken). 
" An Audio VideoDevice (corresponding to the source AN device of student B) was destroyed (instance deletion). 
4P The StreamBinder destroyed the association with the A udio VideoDevice (corresponding to the source AN device of student B) (association broken) . 
" An A udio VideoDevice (corresponding to the sink AN device of student A) was destroyed (instance deletion). 
" The StreamBinder destroyed the association with the A udio VideoDevice (corresponding to the sink AN device of student A) (association broken). 
" The User (corresponding to student B) was associated with DirectlyCommunicatingUser-Information regarding student A (associationformed). 
" Interaction with student B was prepared (user interface activation). 
" The User (corresponding to student A) was associated with DirectlyCommunicatingUser-Information regarding student B (associationforined). 
" Interaction with student A was prepared (user interface activation). 
" TextCommunication. PýermitTextCommunication was set to true (attribute modification). 
" TextCommunication. PreventUserl was set to null (attribute modification). 
" TextCommunication. PreventUser2 was set to null (attribute modijication). 
" FileCommunication. PermitFileCommunication was set to true (attribute modification). 
" FileCommunication. PreventUserl was set to null (attribute modijication). 
" FileCommunication. PreventUser2 was set to null (attribute modijication). 
17) For service operation "RemoveStudenf': 
Name: RemoveStudent(StudentName: String) 
Responsibilities: Remove a student from a MMCS-ET session. 
Typ e: MMCS-ET. 
Cross References. Servicefunctions: SF. I. 14., SF. I. 17., SF. I. 22., SF. 1.23. 
Use Case: "Remove a student from a MMCS-ET session" 
Notes: -Use a list containing information about all the users that participate in a hMCS-ET session (active users). 
-Use a list containing information about all the users that are in direct communication with a specific user. 
Exceptions: - If there is voting activity in the MMCS-ET session, indicate that it was an error. 
- If student A has a pending invitation for direct communication from another studentý indicate that it was an error. 
Output: 
Pre-conditions: -A teacher and one student (e. g. student A) participated in the same MMCS-ET session and were engaged 
in direct 
communication. 
-The teacher decided to remove from the MMCS-ET session that he / she created student A. 
-The teacher indicated his / her decision to remove student A from the MMCS-ET session. 
Post-conditions: 
The User (corresponding to the teacher) was associated with the MMCS-ETSession (associationjormed). 
" The MMCS-ETSession was associated with the User (corresponding to student A), based on the confirmation that MMCS-ETSession. 
VotingActivity 
was already set to false (associationformed). 
" User. SessionParticipation (corresponding to student A) was set to false, based on the confirmation that User. DCPendingInvitation was already set to 
false (attribute modification). 
" Interaction with student A was prepared (user interface activation). 
" The MMCS-ETSession was associated with ActiveUserInformation regarding student A who is being removed from the 
MMCS-ET session 
(associationformed). 
" The MMCS-ETSession was associated with TextCommunication (associationformed). 
" TexiCommunication. PermitTextCommunication was set to false (attribute modification). 
" TextCommunication. PreventUserl was set to the user name ofthe teacher (attribute modification). 
" TextCommunication. PreventUser2 was setto the user name of student A (attribute modification). 
" The MMCS-ETSession was associated with FileCommunication (associationformed). 
" FileCommunication. PermitFileCommunication was set to false (attribute modification). 
" FileCommunication. PreventUserl was set to the user name ofthe teacher (attribute modification). 
" FileCommunication. PreventUser2 was set to the user name of student A (attribute modification). 
" The MMCS-ETSession was associated with Audio VideoCommunication (associationformed). 
" Audio VideoCommunication was associated with the StreamBinder (associationjormed). 
" An Audio VideoDevice (corresponding to the source AN device of the teacher) was destroyed (instance deletion). 
" The StreamBinder destroyed the association with the A udio VideoDevice (corresponding to the source AN device of the teacher) 
(association broken). 
" An A udio VideoDevice (corresponding to the sink AN device of student A) was destroyed (instance deletion). 
" The StreamBinder destroyed the association with the A udio VideoDevice (corresponding to the sink AN device of student A) 
(association br? ken)- 
' 
" An A udio VideoDevice (corresponding to the source AN device of student A) was destroyed (instance deletion). 
" The StreamBinder destroyed the association with the Audio VideoDevice (corresponding to the source AN device of student A) 
(association broken). 
4, An A udio VideoDevice (corresponding to the sink AN device of the teacher) was destroyed (instance deletion). 
" The StreamBinder destroyed the association with the Audio VideoDevice (corresponding to the sinkAN device ofthe teacher) 
(association broken). 
" The User (corresponding to student A) was associated with DirectlyCommunicatingUser-Information regarding the teacher and all the students that 
were in direct communication with student A (associationjormed). 
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" Interaction with student A was prepared (user interface activation). 
" Tle User (corresponding to student A) was associated with the MMCS-ETProviderProftle (associationformed). 
" The MMCS-ETProviderProftle was associated with the UserProfile (corresponding to student A) (associationjormed). 
" UserProfile. Stafta (corresponding to student A) was set to logged in (attribute modification). 
" The User (corresponding to the teacher) was associated with DirectlyCommunicatingUser-Information regarding student A (associationformed). 
" Interaction with the teacher was prepared (user interface activation). 
" TextCommunication. PermitTe-xtCommunication was set to true (attribute modification). 
" TextCommunication. PreventUserl was set to null (attribute modification). 
" TextCommunication. PreventUser2 was set to null (attribute modification). 
FileCommunication. PermitFifeCommuniration was set to true (attribute modification). 
FileCommunication. PreventUserl was set to null (attribute modification). 
FileCommunicatiomPreventUser2 was set to null (attribute modification). 
18) For service operation "TerminateSession": 
Name: TerminateSessiono 
Responsibifities. Terminate a MMCS-ET session. 
Typ e: MMCS-ET. 
Cross References. Servicefunctions: SF. 1.14., SF. 112, SF. 114. 
Use Case: "Terminate a MMCS-ET session". 
Notes. Use a list containing information about all the users that are in direct communication with a specific user. 
Exceptions. 
Output: 
Pre-conditions. - -A teacher started a MMCS-ET session. 
- The teacher decided to terminate the MMCS-ET session that he / she started. 
-The teacher indicated his / her decision to terminate the MMCS-ET session that he / she started. 
Post-conditions. 
e The User (con-esponding to the teacher) was associated with DirectlyCommunicatingUser-Information regarding all the students that were in direct 
communication with the teacher (associationformed). 
eý This User was associated with the MMCS-Mession (associationformed). 
" TextCommunication was destroyed (instance deletion). 
" The MMCS-Mession destroyed the association with TextCommunication (association broken). 
" FiIeCýmn: uniration was destroyed (instance deletion). 
" Ile MMCS-EYSession destroyed the association with FileCommunication (association broken). 
I The ChatFacility was destroyed (instance deletion). 
" The MMCS-ETSession destroyed the association with the ChatFacility (association hroken). 
" Voting was destroyed (instance deletion). 
" The MMCS-Mession destroyed the association with Voting (association hroken). 
" Tle MMCS-ETSession was associated with AudiorideoCommunication (-sociatiOnfOrmed)- 
* 17he StreamBinder was destroyed (instance deletion). 
eAudio VideoCommunication destroyed the association with the streamBinder (association broken). 
eAudiol'ideoCommunication was destroyed (instance deletion). 
The MMCS-E2"Session destroyed the association with AudiondeoCommunication (association broken). 
The MMCS-ETSession was destroyed (instance deletion). 
The User destroyed the association with the MMCS-Mession (association broken). 
9 User-SessionParticipation was set to false (attribute modification). 
" User. SessionCreation was set to false (attribute modification). 
" The User was associated with the MMCS-ETProviderProftle (associationformed). 
" The MMCS-EMoviderProftle was associated with the UserProfile (corresponding to the teacher) (associationformed). 
e UserProfile-Status was set to logged in (attribute modification). 
& Interaction with the teacher was prepared (user interface activation). 
! 9). For ýcrvice oppmtion "TenninateService": 
Name. TerminateService(ServiceNamc: String) 
Responsibilities: Terminate the MMCS-ET service. 
Type: MMCS-ET. 
Cross References: Servicefunctions: SF. 1.16., SF. l 15. 
Use Case: "Terminate the MMCS-ET service". 
Notes: Use a list containing information about all the logged in users. 
Exceptions. 
Output., 
Pre-conditions. -A user (teacher or student) started a MMCS-ET service. 
-The user logged in to the MMCS-ET provider domain. 
-The user decided to terminate the MMCS-ET service that he / she started. 
-The user indicated his / her decision to terminate the MMCS-ET service. 
Post-conditions. 
o Ile User (corresponding either to a teacher or a student) was associated with the MMCS-ETProviderAofile (associationformed). 
e The MMCS-ETProviderAqfille was associated with the MMCS-EnerviceNofile (associationformed). 
e 77he MMCS-ETServiceProfile was associated with LoggedinUserInfonnation regarding the user that wanted to terminate the MMCS-ET service 
(associationformed). 
IMe UserProftile (corresponding either to the teacher or the student) was destroyed (instance deletion). 
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" The MMCS-ETServiceProftle destroyed the association with the UserProftle (corresponding either to the teacher or the student) (association broken). 
" The MMCS-ETProviderProfile destroyed the association with the UserProftle (corresponding either to the teacher or the student) (association broken). 
" The MMCS-ETProviderProftle destroyed the association with the MMCS-ETServiceProftle (association broken). 
" The MMCS-ETProviderProftle was destroyed (instance deletion). 
" The User (corresponding either to a teacher or a student) destroyed the association with the MMCS-ETProviderProftle (association broken). 
" This User was destroyed (instance deletion). 
" Interaction with the user was prepared (user interface activation). 
AA Service Design Phase. 
A service interaction diagram is defined for every service operation of the MMCS-ET (activity 3). 
Therefore, the following service interaction diagrams are created (except from those that correspond to the 
target use cases, see Section 5.2.1.3. ): 
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4) For service operation "InviteDCStudenf': 
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10) For service operation "TerminateA VCom": 
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13) For service operation "StartVotinie': 
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16) For service operation "TerminateDC': 
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19) For service operation "TerminateService": 
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In the service interaction diagrams of the MMCS-ET, a multiobject represents a logical set of instances, it 
is implemented as a group of instances stored in a container or collection object, and is shown by a stack 
icon. A message sent to a multiobject indicates that it is a message sent to the collection object itself, rather 
than an implicit broadcast to the collection's members. This is especially obvious for generic operations such 
as find and add. It has to be noted that from UML I. L, messages to a multiobject are not broadcasted to 
each element (as was the case in prior versions of the UML). The multiobjects that are used in the service 
interaction diagrams of the MMCS-ET are the following: 
UserSecurityCataloq- This is a catalog 1 containing security inforrnation (UserSecurityInfq) about 
potential users of the MMCS-ET. The contents of UserSecurityInfo are: user name, password, first 
name, surname, and role. 
UserSubscriptionCataloq- This is a catalog containing subscription information (User 
SubscriptionInfo) about all the users that are subscribers of the MMCS-ET. The contents of 
UserSubscriptionInfo are: user name, first name, and sumame. : -' 
" LoggedinUserInfo list: This is a list containing information about all the logged in users. The contents 
of LoggedinUserInfo are: user name and UA reference. 
" ActiveUserInfo list: This is a list containing information about all the users that participate in a 
MMCS-ET session (active users). The contents of ActiveUserInfo are: user name, user role, and USM 
reference. 
" DCUserInfo list: This is a list containing information about all the users that are in direct communication 
with a specific user. The contents of DCUserInfo are: user name and user role. 
" ExchangedMessageInfo list: This is a list containing information about all the messages exchanged 
recently between two users. The contents of ExchangedMessageInfo are: message and sender. 
A catalog is used for security and subscription information, because they are stored in a file and retrieved on 
demand. 
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BroadcastedMessageInfo list: This is a list containing information about all the messages broadcasted 
recently to all the users that participate in the MMCS-ET session. The contents of 
proadcastedMessageInfo are: message and sender. 
The service design class diagram of the MMCS-ET (activity 4) can be seen in Figure 5.16. 
A. 5. Service Implementation Phase. 
MIDL has a central role in the service implementation phase. Except from the specification of service 
(COM) objects and their interfaces (see Section 5.2.1.5. ), MIDL is also used for the definition of type 
libraries. A type library is a compiled version of an IDL file that can be accessed programmatically. DCOM 
allows Programmers to dynamically access interface defmitions and query for information on interfaces, 
components, methods, and parameters. To provide this facility, DCOM provides type libraries, which are 
generated during an IDL compilation, in the following way: 
uuid(543FB200-6281-IlDl-BD74-204C4F4F5020) p 
-helpstring(ýType Library') 
library MMCSETLib 
f 
importlib("stdole32. tlbff); 
importlib("stdole2. tlbff); 
I 
uuid(543FB20E-6281-11DI-BD74-204C4F4FS020) 
coclass UserAgent 
[default] interface IUserAgent; 
When processing this IDL file, the statement library will force a type library to be generated. The 
cc>cla'ss statement is used to identify the COM component UserAgent and to indicate that it implements 
the IUserAgent interface. A client can ask a server at runtime if it supports the I7ýWInfo interface. 
Through this interface, the client can interrogate the server to find out what methods and properties are 
provid ed. This facility is used to invoke methods on COM objects that were unknown when the client was 
compiled (e. g. when the MMCS-ET is initialised) and is also beneficial for scripting languages 
(e. g. Visual 
Basic). A type library can be included in an executable program as a resource. However, since type 
libraries 
are compiled, they are platform-specific [GRIM97][RUB1991. 
As was mentioned in Section 5.2.1.5. error checking in the MMCS-ET code is performed by examining 
the value of HRESULT after every function call. The following function displays detailed 
information 
contained in an HR=7- 
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BOOL ShowStatus(HRESULT hr) 
Construct a 
_com_error using 
the HRESULT 
_com_error e(hr); 
// Show the hr as a decimal number 
cout << "hr as decimal: " << hr << endl; 
Show the first 16 bits (information code) 
This code describes the specific error 
cout << "Information code: " << HRESULT_CODE(hr) << endl; 
Show facility code as a decimal number 
This code reveals the subsystem that created the error; 
cout << "Facility code: 0 << HRESULT_FACILITY(hr) << endl; 
// Show the severity bit 
cout << "Severity: " << HRESULT_SEVERITY(hr) << endl; 
Use the 
_com_error object to 
format a message string 
cout << "Message string: " << e. ErrorMessageo << endl; 
return TRUE; 
Finally, regarding the user interface of the MMCS-ET, a typical usage scenario is described in order to 
illustrate'the use of the main windows of the service. More specifically, it is assumed that a teacher and two 
students (A and B) are ready (i. e. logged in) to participate in an educational session (MMCS-ET session). 
Initially, the teacher starts a MMCS-ET session and invites student A to join. After the acceptance of the 
invitation from student A, the following windows will be visible to each one of the three users: 
9 Teacher: participant choice window, main user window (referring to student A), and common activities 
window. 
* Student A: participant choice window, main user window (referring to the teacher), and common activities 
window. 
s Student B: participant choice window. 
Then, the teacher invites student B to join the MMCS-ET session. After the acceptance of the invitation 
from student B, the following windows will be visible to each one of the three users: 
4, Teacher: participant choice window, main user window (referring to student A), main user window 
(referring to student B), and common activities window. 
" Student, 4: participant choice window, main user window (referring to the teacher), and common activities 
window. 
" Student B: participant choice window, main user window (referring to the teacher), and common activities 
window. 
Finally, student A invites student B to direct communication. After the acceptance of the invitation from 
student B, the following windows will be visible to each one of the three users: 
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e7eacher. participant choice window, main user window (referring to student A), main user window 
(referring to student B), and common activities window. 
o Student A: participant choice window, main user window (referring to the teacher), main user window 
(referring to student B), and common activities window. 
e Student B: participant choice window, main user window (referring to the teacher), main user window 
(referring to student A), and common activities window. 
It is pointed out that only the teacher can terminate the MMCS-ET session by removing from it students 
A and B. 
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B. 1. Introduction. 
This appendix presents in a concise manner the most important activities and steps of the main phases of the 
proposed service development methodology that are examined in detail in Chapter 4. 
B. 2. Oyerview of the Requirements Capture and Analysis Phase. 
This phase is structured in the following way: 
ActivitE 1: Define Service Development Plan. 
Step 1: Specify the exact service development methodology that will be used. 
Step 2: Provide important information about the client organisation / enterprise. 
Step 3: Specify the service developer(s) that will participate in the service development process. 
, Ftep 4: Specify the required computing and network infrastructure, and the required software tools. 
Step 5: Initiate a selection process for a programming language and a DPE that will be used for the imple- 
mentation of the service. 
Step 6. Mention and examine all other matters that affect the service development process. 
Activitv 2:, Create Preliminary Investigation Report. 
Step 1: Gather useful information regarding the telematic service under development. 
Step 2: State in a concise manner the main objective of the service. 
Step 3: Analyse the constituent parts of the main service objective. 
Step 4: Identify the initial service requirements. 
Step 5: Structure the identified initial service requirements. 
Step 6. - Consider the TINA-C Business Model. More specifically: 
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" Identify the generic (business) roles that the actors of the service can take. 
" Construct a business model for the service by adapting the model proposed by TINA-C. 
" Identify the service independent specific role(s) that the actors of the service can take. 
" Identify the service dependent specific role(s) that the actors of the service can take. 
Identify the actors of the service. 
Specify the type of interactions that should be considered between each pair of generic (business) roles. 
Identify the session roles that the actors of the service can take. 
ActiviV 3: Define Service Requirements. 
Step 1: Identify the (desirable) service functions. 
Step 2: Structure the identified service functions by categorising them. 
Step 3: Specify the type of the service functions. 
Step 4: Identify the (desirable) service properties. 
Step 5: Specify the attribute details or the boundary conditions for the identified service attributes. 
Step 6. Specify the type of the service attributes. 
Step 7. Relate service functions and service attributes. 
Step 8: Include all necessary information in the appropriate document (specifications of service require- 
ments). 
ActivitE 4: Define Use Cases (high level and essential). 
Step 1: Specify the boundaries of the telematic service. 
Step 2: Identify use cases using either the actor-based or the evcnt-based method. 
Step 3: Write all use cases in the high-level format. 
Step 4: Draw a (draft) use case diagram. 
Step 5: Write the most critical and influential use cases in the expanded essential format. 
Step 6: Create some real use cases (optionally). 
Activity 5: Define Draft Service Conceptual Model (optionally). 
ActivitE 6: Record Terms in Glossary. 
Activity 7: Consider the Application of Rapid Prototyping (optionally). 
ActivitE 8: Define Draft Service Architecture Layers (optionally). 
Step 1: Identify the service architecture layers. 
Step 2: Comment on their importance for the telematic service under examination. 
Step 3: Record the necessary information in the service development plan. 
ActivitE 9: Refine Service Development Plan. 
Step 1: Reconsider the contents of the service development cycles. 
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Step 2: Devise an appropriate ranking scheme. 
Step 3: Rank the use cases according to this ranking scheme. 
Step 4: Allocate the use cases to service development cycles. 
Step 5: Create a schedule for the proposed methodology. 
B. 3. Overview of the Service Analysis Phase. 
This phase is structured in the following way: 
A ctivio! 1: Define Essential Use Cases. 
A ctivity 2: Refine the Use Case Diagrams. 
, 4ctivitE 3: Define Service Conceptual Models. 
Step 1: Identify the service concepts. More specifically: 
Apply the service concept category list technique. 
Apply the noun phrase identification technique. 
Draw an initial service conceptual model by representing graphically only the service concepts. 
Identify useful type hierarchies (optionally). 
Step 2: Identify associations between the service concepts. More specifically: 
Find the need-to-know associations. 
Consider the common associations list. 
Consider aggregation (composite or shared) associations, derived associations, qualified associations, and 
recursive or reflexive associations (optionally). 
Select the desirable associations that will be included in the main service conceptual model. 
Step 3: Identify attributes of the service concepts. 
Step 4: Draw the main service conceptual model. 
Step 5: Specify the ancillary service conceptual models. More specifically: 
" Customise the session information model according to the service requirements. 
" Customise the session role information model according to the service requirements. 
" Customise the access session related information models according to the service requirements. 
" Customise the service session related information models according to the service requirements. 
" Customise the Service Session Graph infort-nation model according to the service requirements. 
. 4ctivitv 4: Define Service Sequence Diagrams. 
Step 1: Draw a vertical line representing the telematic service as a black box. 
Step 2: Identify each actor that directly operates on (or interacts with) the telematic service. 
Step 3: Draw a vertical line for each actor. 
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Step 4: Identify the (external) service events that each actor generates. 
Step 5: Illustrate the identified service events in the correct order on the diagram. 
Step 6: Include (fragments of) the use case text to the left of the diagram (optionally). 
jcfiviaý 5: Defme Service Operation Contracts. 
Activitz 6: Refine Glossary. 
ActiviU 7: Define Service State Diagrams (optionally). 
Step 1: Draw a use case service state diagram for each use case or (alternatively) draw a global service state 
diagram. 
Step 2: Add to the service state diagram(s) transition actions, transition guard conditions, and nested states 
(optionally). 
BA Overview of the Service Design Phase. 
This phase is structured in the following way: 
ActiviV 1: Define Real Use Cases (optionally). 
Activi(y 2: Define User Interface Aspects. 
Activity 3: Define Service Interaction Diagrams. 
Step 1: Identify the service COs. 
Step 2: Consider the generic TINA-C service scenarios and select the most appropriate. 
Step 3: Form the service interaction diagrams. More specifically: 
" Create a separate service interaction diagram for each service operation under development in the current 
service development cycle. 
" Design a set of interacting service COs with the intention to Ufil the responsibilities and post-conditions 
of the appropriate service operation contracts. 
" Split each service interaction diagram into smaller diagrams (if it gets complex). 
Activi! y 4: Define Service Design Class Diagrams. 
Step 1: Identify the service classes by analysing the service interaction diagrams. 
Step 2: Draw all the identified service classes in a simple service design class diagram. 
Step 3: Duplicate the attributes to the service classes from the associated concepts in the service conceptual 
model(s). 
Step 4: Add method names to the service classes by analysing the service interaction diagrams. 
Step 5: Add type information to the attributes, method parameters, and method return values (optýonally). 
Step 6. ý Add the associations necessary to support the required attribute visibility. 
Step 7. Add navigability arrows to the associations to indicate the direction of attribute visibility. 
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Step 8: Add dependency relationship lines to indicate non-attribute visibility between service classes. 
Step 9: Split the service design class diagram into smaller diagrams (if it gets complex). 
Activity 5: Define Service Architecture Layers. 
Step 1: Define draft service architecture layers (if not yet done). 
Step 2: Draw a service architecture package diagram. 
Step 3: Partition the service design class diagram using suitable packages (optionally). 
Step 4: Annotate the service architecture package diagram with dependencies between its packages 
(optionally). 
ActiviCE 6: Define Database Schema. 
B. 5. Overview of the Service Implementation Phase. 
This phase is structured in the following way: 
Activity 1: Create IDL Specifications. 
ActiviCE 2: Implement Service Class and Interface Definitions. 
ActivitE 3: Implement Methods of Service Classes. 
ActivitE 4: Implement Graphical User Interface (Windows). 
ActiviU 5: Implement Reports. 
Activio! 6. - Implement Database Schema. 
A ctivitE 7. - Integrate Implementation Work. 
Activio! 8: Prepare for Testing. 
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3pty Third Party 
AN, Audio / Video 
ACE Application Construction Environment 
ACTS Advanced Communications Technologies and Services 
ADSI Active Directory Service Interface 
AIN Advanced Intelligent Network 
anonUA anonymous User Agent 
ANSA Advanced Network Systems Architecture 
API Application Programming Interface 
as-UAP access session User Application 
ATL ActiveX Template Library 
ATM Asynchronous Transfer Mode 
AVI Audio-Video Interleaved 
BCP Basic Call Process 
Bkr Broker 
BOA Basic Object Adapter 
BOOST Broadband Object-Oriented Service Technology (RACE Project No. R2076) 
CAD Computer Aided Design 
CASE Computer-Aided Software Engineering 
CCS7 Common Channel Signalling no. 7 
CDS Cell Directory naming Service 
CGI Common Gateway Interface 
CLSID CLaSs Identifier 
CMIS/P Common Management Information Service and Protocol 
CO' Computational Object 
C-1 
Appendix C. Acronyms andAbbreviations 
COG Computational Object Group 
COM Component Object Model 
CompDLUSS Composer Domain Usage Service Session 
COMPUSM Composer Usage Session Manager 
ConS Connection Service 
CORBA Common Object Request Broker Architecture 
CRC Class-Responsibility-Collaborator cards 
CSCC International Multiconference on Circuits, Systems, Communications and Computen 
CSM Communication Session Manager 
D-AS Domain Access Session 
D-USS Domain Usage Service Session 
DCE Distributed Computing Environment 
DCOM Distributed Component Object Model 
DHTML Dynamic HyperText Markup Language 
DII Dynamic Interface Invocation 
DEMMA Distributed Interactive MultiMedia Architecture 
DLL Dynamic Link Library 
DME Distributed Management Environment 
DNA Distributed interNet Applications architecture 
DOOS Design Object-Oriented Software 
DPE Distributed Processing Environment 
DSI Dynamic Skeleton Interface 
DSOM Distributed Systems Operations & Management (workshop) 
DTP Distributed Transaction Processing 
ECMA European Computer Manufacturers Association 
eCO engineering Computation Object 
ECOOP European Conference on Object-Oriented Programming 
EDOC Enterprise Distributed Object Computing (conference) 
Ell European Information Infrastructure 
ETSI European Telecommunications Standards Union 
EU European Union 
EURESCOM European Institute for Research and Strategic Studies in Telecommunications 
FCAPS Fault Configuration Accounting Performance Security 
FTDCS Future Trends of Distributed Computing Systems (workshop) 
GDMO Guidelines for the Definition of Managed Objects 
GFP Global Functional Plane 
C-2 
Appendix C. - Acronyms and Abbreviations 
GII Global Information Infrastructure 
GRM General Relationship Model 
GUI Graphical User Interface 
GUID Globally Unique IDentifier 
HCI Human-Computer Interaction 
HTML HyperText Markup Language 
IA Initial Agent 
IBC Integrated Broadband Communications 
IBTE The Institution of British Telecommunications Engineers 
ICC International Conference on Communications 
ICIN International Conference on Intelligent Networks 
1CM Integrated Communications Management (RACE Project No. R2059) 
ICSE International Conference on Software Engineering 
ICT International Conference on Telecommunications 
IDL Interface Definition Language 
IDMS Interactive Distributed Multimedia Systems (workshop) 
III) Interface IDentifier 
HOP Internet Inter-ORB Protocol 
IMA Interactive Multimedia Association 
IMT2000 International Mobile Telecommunications 2000 
IN Intelligent Network 
IN CS Intelligent Network Capability Set 
IN LTA Intelligent Network Long-Term Architecture 
INA Information Networking Architecture 
INCM IN Conceptual Model 
10 Information Object 
IPng Internet Protocol next generation 
IS&N Intelligence in Services & Networks (conference) 
ISCC IEEE Symposium on Computers & Communications 
ISDN Integrated Services Digital Network 
ISI Integrated Services Internet 
ISO International Standards Organisation 
Information Technology 
ITU-T International Telecommunications Union 
IXIT Implementation eXtra Information for Testing 
JAD Joint Application Development 
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HN kernel Transport Network 
LAN Local Area Network 
LDAP Lightweight Directory Access Protocol 
LNCS Lecture Notes in Computer Science 
LOTOS Language Of Temporal Ordering Specification 
MCS Microsoft Cluster Server 
MIDL Microsoft Interface Definition Language 
MMC Microsoft Management Console 
MMCS-ET Multimedia Conferencing Service for Education and Training 
MPEG Motion Picture Experts Group 
MSC Message Sequence Chart 
MSMQ MicroSoft Message Queue server 
MSN Multi-Service Network 
MSS Multimedia Systems Services 
MTA MultiThreaded Apartment model 
MTS Microsoft Transaction Server 
namedUA named User Agent 
NCCE Native Computing and Communication Environment 
NDS Netware Directory Service 
NIMSAD Normative Information Model-based System Analysis and Design 
NTLM NT LAN Manager 
OAD Object Activation Daemon 
ODL Object Definition Language 
ODTA Open Distributed Telecommunication Architecture 
OLE Object Linking and Embedding 
OMA Object Management Architecture 
OMG Object Management Group 
OMT Object Modelling Technique 
ONP Open Network Provision 
OOA Object-Oriented Analysis 
OOAD Object-Oriented Analysis and Design 
OOD Object-Oriented Design 
OOPSLA Object-Oriented Programn-dng, Systems, Languages & Applications (conference) 
OORAM Object Oriented Role Analysis Method 
OOSA Object-Oriented Systems Analysis 
OOSE Object-Oriented Software Engineering 
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ORB Object Request Broker 
ORPC Object Remote Procedure Call 
OSA Open Services Architectural framework 
OSF Operations System Function and Open Software Foundation 
OSI-SM Open Systems Interconnection - Systems Management 
PA Provider Agent 
PDLAS Provider Domain Access Session 
PD-USS Provider Domain Usage Service Session 
PeerA Peer Agent 
PeerDLAS Peer Domain Access Session 
PeerD_USS Peer Domain Usage Service Session 
PeerUSM Peer Usage Session Manager 
PEM Performance Evaluation Methodology 
PNO Public Network Operator 
PREMO PResentation Environment for Multimedia Objects 
PREPARE PRe-Pilot in Advanced Resource Management (RACE Project No. R2004) 
PSS Provider Service Session 
PSTN Public Switched Telephone Network 
PTT Post Telegraph and Telephone 
Qos Quality of Service 
RACE Research into Advanced Communication in Europe 
RDS Remote Data Service 
Ret Retailer 
ReTINA Real-time TINA (ACTS Project No. AC048) 
RfP Request for Proposal 
RM-OD. P Reference Model for Open Distributed Processing 
RMI Remote Method Invocation 
ROSA RACE Open Services Architecture (RACE Project No. R1093) 
ROT Running Object Table 
RPC Remote Procedure Call 
RtR Retailer-to-Retailer 
SCE Service Creation Environment 
SCORE Service Creation in an Object-oriented Reuse Environment (RACE Project No. R2017) 
SCP Service Control Point 
SCREEN Service CReation Engineering Environment (ACTS Project No. AC227) 
SDL Specification and Description Language 
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SDP Service Data Point 
SF Service Factory 
SIB Service Independent Building block 
Sil Static Interface Invocation 
SMS Service Management System 
SNMP Simple Network Management Protocol 
ss-UAP service session User APplication 
SSG Service Session Gmph 
SSL Secure Socket Layer 
SSM Service Session Manager 
SSP Service Switching Point 
STA Single Threaded Apartment model 
TCon Terminal Connection 
TCP/IP Transmission Control Protocol / Internet Protocol 
TCSM Terminal Communication Session Manager 
TINA-C Telecommunications Information Networking Architecture Consortium 
TMN Telecommunication Management Network 
TN Transport Network 
TOOLS Technology of Object-Oriented Languages and Systems 
TOSCA TINA Open Service Creation Architecture (ACTS Project No. AC237) 
UA User Agent 
UBMTS Universal Broadband Mobile Telecommunication System 
UDLAS User Domain Access Session 
UD-USS User Domain Usage Service Session 
UML Unified Modelling Language 
UMTS Universal Mobile Telecommunication System 
USCM Universal Service Component Model 
USM User service Session Manager 
USS Usage Service Session 
UUID Universal Unique Identifier 
VDU Video Display Unit 
VHE Virtual Home Environment 
VITAL Validation of Integrated Telecommunication Architectures for the Long-term 
(ACTS Project No. AC187) 
WWW World Wide Web 
XML eXtensible Markup Language 
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